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PREFACE 
The work contained in this Thesis presents original research undertaken by the author. 
Much of this work has been published in peer-reviewed journals or else submitted for 
publication in such. 
■ Chapter 3 has been published as "Hazardous components of household waste" in 
Critical Reviews in Environmental Science and Technology, 34: 419-445 (2004). 
■ Chapter 4 appears in the paper "Household hazardous waste in municipal landfills: 
contaminants in leachate" in Science of the Total Environment, 337: 119-137 
(2005). 
■ Chapter 5 has been presented in the manuscript "Assessing quantities and disposal 
routes for household hazardous products in the United Kingdom" in 
Environmental Science and Technology, 39: 1912-1919 (2005). 
The project described in Chapter 6 was conducted as a separately funded 
Environment Agency study. It was necessary to compile and submit a project 
report to the Environment Agency on completion of the work (Bonin et al. In 
press). The focus of Chapter 6 differs from the report and taken together offer 
complementary analyses of the results obtained. Chapter 6 has also been used to 
compile the paper "Household hazardous waste data for the UK by direct 
sampling" in Environmental Science and Technology, 41: 2566-2571 (2007). 
■ Chapter 7 has been published as "Household hazardous waste disposal to landfill: 
using LandSim to model leachate migration" in the journal Environmental 
Pollution, 146: 501-509 (2007). 
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proceedings of the Waste 2004 Conference, 28-30 September 2004, Stratford-
upon-Avon, Warwickshire, UK. The Waste Conference Ltd., Coventry. Pp.801-
810. 
■ Slack, R.J., Gronow, J.R. and Voulvoulis N. (2005) Hazardous Substances in 
Household Waste. In: Sardinia 2005 — Tenth International Waste Management 
and Landfill Symposium, proceedings of the Sardinia Symposium 2005, 3-7 
October 2005, S. Margherita di Pula, Cagliari, Sardinia, Italy. Editors: Cossu, R. 
and Stegmann, R. CISA, Italy . Pp. 37. 
• Slack, R.J., Bonin M., Gronow, J.R. and Voulvoulis N. (2005) Quantities of 
Household Hazardous Waste Disposed to UK Landfills. In: Sardinia 2005 — 
Tenth International Waste Management and Landfill Symposium, proceedings of 
the Sardinia Symposium 2005, 3-7 October 2005, S. Margherita di Pula, Cagliari, 
Sardinia, Italy. Editors: Cossu, R. and Stegmann, R. CISA, Italy . Pp. 93. 
• Slack, R.J., Bound, J.P., Gronow, J.R. and Voulvoulis N. (2006). Effective 
quantification of HHW and implications for waste management and policy. In: 
CIWM 2006 — Changing the Face of Waste Management, proceedings of the 
Chartered Institute of Waste Management Annual Conference, 12-16 June 2006, 
Paignton, UK. CIWM, Peterborough, UK. Pp. 801. 
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ABSTRACT 
Apprehension relating to chemicals used widely within the home has led to concern 
that the disposal of such hazardous substances into the municipal waste stream (MSW) 
may pose risks to the environment and human health. Commonly referred to as 
household hazardous waste (HHW), such waste is increasingly affected by European 
Union (EU) legislation which aims to reduce the amounts of individual hazardous 
waste streams, such as waste electrical and electronic equipment (WEEE), discarded 
to landfill. The risks to health and the environment from present and future HHW 
disposal to landfill require assessment, enabling the impact of legislation on UK 
disposal to be evaluated. The central aims of the thesis are therefore to improve 
understanding of the HHW disposal pathway in the United Kingdom (UK) and assess 
whether legislation is adequate to mitigate risks resulting from disposal to landfill. 
A review of the literature reveals the lack of consistent data regarding disposal 
quantities of specific HHW categories, including paint and other DIY products, garden 
and household pesticides, batteries, medicines, engine oil and other wastes deriving 
from domestic use. The amounts of HHW described in the literature are compared to 
quantities obtained via a questionnaire methodology and direct waste analysis. 
Current UK disposal regimes suggest that most HHW is discarded to landfill and yet 
the consequences to the contamination potential of landfill disposal remain 
unevaluated. The possible risks to groundwater reserves arising from HHW disposal 
and landfill leakage are discussed and a baseline for detailed assessment of the 
consequences arising from the implementation of new EU legislation is established. 
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CHAPTER ONE 
"The beginning is the most important part of the work." — Quotation attributed to Plato (428-348 BC) 
INTRODUCTION 
1.1 	Introduction to waste and waste generation 
Waste is described as "any materials unused and rejected as worthless or unwanted" or 
"useless remains or by-products" (Oxford University Press 1994). All human 
activities generate waste and, once produced, people are keen to dispose of it. It is 
perhaps partly because of the "worthless" tag apportioned to waste that research into 
waste production and management has often been neglected. Research is further 
complicated by the interdisciplinary nature of waste. This is particularly evident in the 
management of waste which, particularly in Europe, is determined through an 
interweaving of science and policy. 
Global waste production is very variable, differing in the quantities, composition, and 
disposal of waste. Wealthier countries have developed a disposable attitude to product 
use, a situation that is currently being challenged as the problems associated with 
waste disposal, including lack of sustainability, are recognized. As more solid and 
liquid wastes are generated, the pressure on existing disposal facilities increases. The 
siting of waste disposal facilities, particularly landfills and incinerators, frequently 
causes outrage among residents living and working nearby — the so-called NIMBY 
complex. Waste disposal, particularly of solid waste, is viewed as a highly polluting 
process, generating noise, dust and atmospheric emissions; attracting vermin; and 
causing contamination of soil and water. Whilst waste production has been occurring 
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since time immemorial, it is only in more modern times that the pollution risk has been 
recognized and the problems associated with the disposal of waste have entered public 
consciousness. 
In recent years, concern regarding the use of chemicals within households has also 
increased (Blundell 2003). 	Campaigns by environmental organizations have 
highlighted the potential hazards of a range of commonly used household chemicals, 
from household cleaners to the very fabric of the home and its contents (Friends of the 
Earth 2004a; Greenpeace 2005; WWF-UK 2005). It has been suggested that regular 
exposure to a range of substances in the domestic environment may be a significant 
factor associated with the rise in diagnoses of illnesses such as childhood leukaemia, 
asthma and Parkinson's disease (Du et al. 2002; Menegaux et al. 2006; Nazaroff and 
Weschler 2004). In the United Kingdom (UK), the national press frequently publishes 
articles about substances that occur in household products and hence there is a 
growing public awareness of the issues and concern over the risks that may be posed 
to human health (Guardian 2004; Hill 2001; Newling 2006). 
The household items cited as hazardous will all ultimately require disposal. The 
disposal mechanisms used, whether as wastewater or solid waste, will expose the 
wider environment to the substances of concern. 	Research is increasingly 
demonstrating the occurrence of a range of substances found in many common 
household products, such as antibacterial agents and artificial fragrances, in natural 
waterways (Daughton and Ternes 1999). Most of the contamination events can be 
traced to sewage effluent. However, the influence arising from the solid waste 
disposal of potentially hazardous substances from households has been poorly 
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evaluated. With over 80% of the 30 million tonnes of solid waste arising from UK 
households, variously described as domestic, household or household-derived 
municipal waste, being disposed of to landfills, it is here that the environmental 
consequences of household hazardous waste disposal will be most evident 
(Department for Environment, Food and Rural Affairs 2005a; Strategy Unit 2002). 
All landfills produce gaseous or liquid (leachate) emissions, the composition of which 
will reflect the wastes discarded. Leachate, in particular, will affect the environment 
beyond the immediate vicinity of the landfill, particularly groundwater. With interest 
in water resources growing in parts of the UK as a consequence of declining rainfall 
patterns, groundwater reserves will become more important. Contamination events 
therefore need to be prevented. Currently, the consequences of household hazardous 
waste disposal to landfill, particularly influence exerted upon the environment, are 
unevaluated. The growing awareness of the hazards of household chemicals, general 
concern regarding waste production (as demonstrated by burgeoning recycling rates 
across the UK) and increasing waste legislation combine to demonstrate the 
importance of household hazardous waste research. 
1.2 	Aims and objectives 
The hazardous proportion of municipal and household waste poses potential problems 
to the environment and human health on disposal. As disposal of municipal waste is 
predominantly to landfill in the UK, it is here that the consequences of disposal would 
be observed. However, current data concerning the generation and disposal of 
municipally-derived hazardous waste, particularly household hazardous waste (HHW), 
are insufficient to determine the consequences of disposal. With increasing focus on 
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the use of chemicals generally and in the home more specifically, it is important to 
turn attention to the disposal of HHW. Legislation is in a state of flux, with new 
European Union (EU) Directives expected on a wide-range of products and waste 
streams, or the tightening up of older legislation. It is therefore an appropriate time to 
examine the potential pathways to pollution that may arise from the production of 
hazardous waste from households in the UK and assess the recent and ongoing 
changes to municipal waste management. The work is intended as an aid to informing 
and advising policy makers and waste managers responsible for the disposal of HHW 
particularly, but not solely, in the UK. This broad aim can be sub-divided into the 
following objectives: 
• To ascertain the component parts of the HHW stream, leading to a clearer 
description of HHW and the identification of key waste groups within HHW; 
• To assess EU and UK legislation pertaining to HHW collection, treatment and 
disposal, including potential regulations that may be adopted in the future; 
• To obtain quantities and ascertain disposal routes for discarded HHW in the UK, 
especially pathways to landfill, from literature sources and, if necessary, through 
the development of methodologies for waste data collection; 
• To evaluate the disposal of HHW to landfill through an examination of landfill 
emissions; 
• To determine whether landfill emissions linked to HHW disposal affect 
groundwater quality - an indication of environmental pollution, through the 
development of a model scenario; 
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• To provide details concerning the source-pathway-receptor process for HHW in 
the UK and assess the potential for pollutant risk under current policy and 
regulations. 
1.3 	Research methodology 
The risks from the disposal of HHW require source-pathway-effect assessment, as 
summarized in Figure 1.1. The source is the HHW discarded; the pathway is the 
adoption of a particular disposal route, such as disposal to landfill, and the processes 
generating potential contaminants/pollutants therein; and the impact of the potential 
contamination/pollution events that may result. 
The methodology needed to achieve the data required for the assessment of HHW 
involves the following: 
• Obtaining a definition of HHW and identifying the main waste groups within 
the waste stream using various sources but focusing on legislation controlling 
the waste industry. 
• Conducting a review of the available information relating to HHW 
composition and quantification in the UK. Where areas of data scarcity are 
identified, the use of techniques such as householder surveys and waste 
collection (direct analysis) are utilized to improve data concerning selected 
waste groups within HHW. 
• Evaluating the disposal pathways adopted in the UK through literature sources 
and relevant householder surveys. Identification of disposal end point, 
expected to be landfill. 
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• Assessing landfill emissions to determine whether links to HHW disposal can 
be identified. 
• Examining the potential for leachate contaminants to enter the wider 
environment. LandSim landfill simulation software examines the progress of a 
leachate plume beneath a landfill and effects on groundwater. 
• Critically evaluating the contribution made by legislation to mitigating risks 
from HHW generation and disposal. 
Figure 1.1: Methodology flow diagram emphasising the research required to improve 
understanding of household hazardous waste (HHW) and the potential environmental 
and human health risks that may result from disposal. 
1.4 	Thesis structure 
The structure of the thesis reflects the source-pathway-impact aspect of the research 
and can be considered to fall into two parts. The first part (Chapters 2 to 4) comprise 
the literature review, split across chapters corresponding to the source and impact 
stages of the disposal pathway, and the second part (Chapters 5 to 7) comprise the 
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methodology and results. The two parts are brought together in a final discussion in 
Chapter 8. The scope of each chapter is now introduced. 
Chapter 1 of the thesis contains a summary of the background to the research, citing a 
number of factors that demonstrate the need for a greater understanding of HHW. The 
aims and objectives of the research, methodology development and thesis structure are 
outlined, emphasising the flow pattern of the research from source to impact. 
The contribution made by EU legislation, and the enacting UK regulations, to the 
control of HHW is evaluated in Chapter 2. Legislation affecting waste management 
has increased substantially in the EU over the last fifteen years. Directives have been 
developed with the aim of standardising waste management practices across Europe, 
minimising risks to the environment and human health from the treatment and disposal 
of all waste streams. As such, legislation drives waste management standards in 
Europe and to understand the procedures and strategies adopted for the disposal of 
waste, it is necessary to understand the relevant regulations and guidance. Issues 
concerning legal definition and status of HHW are discussed, assessing areas requiring 
further clarification. 
The provisions of the legislation determine classification of HHW and the mechanisms 
that must be adopted for treatment and disposal. However, to ascertain the risks 
arising from the management of HHW, it is necessary to fully evaluate the amounts of 
HHW disposed and the key constituents of concern. The individual waste streams that 
comprise HHW are discussed in Chapter 3. Within this chapter, the compounds that 
render the waste hazardous are assessed and the extent of the hazardous waste stream 
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in the UK is estimated using various published and web-based resources. The 
estimated quantities demonstrate that the "source" of HHW varies between individual 
HHW categories, with some produced in considerably larger quantities and containing 
greater hazard ratings than others. 
Household waste in the UK is usually disposed of to landfill. Landfill engineering has 
developed over time, from simple utilization of void space through dilute-and-disperse 
techniques used to reduce the impact of leachate upon aquifers, to the integration of 
fully engineered barrier systems. The rapid development of organic chemistry over 
the last century has resulted in a greater variety of substances being disposed of to 
modern landfills. Chapter 4 contains a review of the literature pertaining to the 
emissions of municipal solid waste (MSW) landfills and the association of reported 
contaminants to the disposal of HHW. Comprehensive assessments of MSW-only 
landfills are few, with most domestic waste landfills accepting non-MSW until the 
implementation of the Landfill Directive (European Council 1999). Nevertheless, 
certain chemicals identified in leachate from MSW landfills can be linked to the 
disposal of HHW and hence provide a "pathway" for impact upon the environment. 
The methodologies described in Chapters 5 and 6 revert back to the "source" element 
of the methodology, seeking to improve data regarding the types and amounts of 
particular waste streams within HHW discarded in the UK. Offering different 
procedures, the two methodologies described in separate chapters provide a sub-
pathway of sales/purchase through product use to final disposal (Figure 1.1). The 
influence of socio-demographic factors on HHW production are studied alongside the 
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predominance of various disposal routes leading directly to landfill or indirectly via 
incineration or other pre-disposal treatments. 
With evidence of potential HHW contaminants in landfill leachate, the environmental 
risk of landfill leachate released to the surrounding environment, particularly to 
groundwater, can be assessed. The use of the landfill risk assessment tool, LandSim, 
to evaluate environmental consequences of leachate release from a generic MSW 
landfill in receipt of co-disposed HHW is described in Chapter 7. Using leachate 
contaminant concentrations obtained from the literature reviewed in Chapter 4, over 
50 metals and organic compounds have been modelled in a leachate plume from 
landfill through to aquifer. The simulation provides an indication of the impact likely 
to result from HHW disposal on one environmental compartment. 
An overall discussion is provided in Chapter 8, discussing the HHW disposal pathway 
and the risks to groundwater from landfill disposal. Particular emphasis is placed on 
quantifying HHW from purchase through to disposal, evaluating results of the landfill 
leachate plume simulation with regard to the literature, and the significance of the 
results for current and future EU legislation. 
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CHAPTER TWO 
"I have yet to see any problem, however complicated, which, when you looked at it the right way, did 
not become still more complicated " — Paul Alderson (1926-), New Scientist (638), 25 September 1969 
REGULATION OF MUNICIPAL AND HOUSEHOLD 
HAZARDOUS WASTE IN THE UNITED KINGDOM 
Legislation, and the policy that underlies it, is crucial to the management of all types 
of waste including household hazardous waste (HHW). Without regulations and 
controls imposed through Acts of Parliament, it is possible that waste in the United 
Kingdom (UK) would still be discarded in open landfill sites with limited 
management or aftercare. Waste legislation is multi-layered and, to understand the 
current position of HHW management, a review of past and current law is necessary. 
2.1 	Historical perspective 
Currently, waste management in the UK is governed through the implementation of 
European Union (EU) Directives and Regulations. Before the EU, the UK had already 
started along the path to improved environmental protection from waste arisings. 
Prior to the 19th Century, waste management was localized and regulation, where it did 
exist, was minimal. Much of the waste that was generated was re-used or recycled 
(e.g. rags for papermaking) or burnt on domestic fires. The UK population expanded 
during the Industrial Revolution and led to the rapid growth of towns and cities, with 
concurrent increases in waste production. After the cholera outbreaks of the early 19th 
Century, basic waste disposal requirements were initiated nationally under the Public 
Health Acts 1848 (11 & 12 Vict. c.63) and 1875 (38 & 39 Vict. c.55). The Public 
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Health Acts required local authorities to remove and dispose of waste, which was 
dominated by ash and fines from household fires, and householders to place their 
waste in a "movable receptacle" for emptying every week. If the bin failed to be 
emptied on the designated day by the local authority, a fine could be imposed by the 
government — and remains to this day (WasteOnline 2004a). The Quarry Fencing Act 
1887 (50 & 51 Vict. c.19) and Alkali Acts 1863, 1874 and 1906 (26 & 27 Vict. c.124, 
37 & 38 Vict. c.43 and 6 Edw.VII c.14 respectively) demonstrated early stages of 
waste disposal control and pollution mitigation measures that heralded waste 
legislation in the UK. 
Measures to adapt open, insanitary landfilling recommenced in 1930, with the 
Ministry of Health urging that "the system of dumping crude refuse without taking 
adequate precautions should not be allowed to continue" (WasteOnline 2004a). With 
the Public Health Act 1936 (26 Geo. V & Edw. VIII c.49) came the first laws for the 
management of landfill sites. The same Act did, for the first time, make reference to 
waste that was prejudicial to health, permitting the relevant authorities to prosecute 
uncontrolled dumping. The Town and Country Planning Act 1947 (10 & 11 Geo. VI 
c.51) laid down some basic requirements for new landfill sites, such as the tipping of 
waste in layers, but failed to extend control to existing sites. Many requirements were 
avoided. At this time, the number of landfill sites did increase, stimulated by a 
growing consumer-based society. The Clean Air Act 1956 (4 & 5 Eliz. II c.52) led to 
a decrease in the number of open fires in households and thus significantly changed 
the composition of household waste. This Act also saw the costs of waste incineration 
begin to escalate, favouring the less expensive option of waste landfilling. 
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The Royal Commission on Environmental Pollution was established in 1970, partly as 
a result of concerns over waste disposal. The Deposit of Poisonous Waste Act 1972 
(Eliz. II c.21) was rapidly drafted soon after. The Control of Pollution Act 1974 
(COPA) (Eliz. II c.40) followed, aimed at a more extensive control of waste disposal 
and regulation of disposal sites, including the creation of larger waste disposal 
authorities (WDA) (Department of the Environment 1978). Controls applicable to 
"special waste", a phrase used for hazardous or dangerous wastes, were incorporated 
into legislation through the Control of Pollution (Special Waste) Regulations 1980 
(Statutory Instrument 1980). Since 1991, the EU has adopted responsibility for the 
development of waste legislation. Initially, the aim of EU policy and legislation was 
the standardisation of the statutes of the Member States. As the EU has developed, 
the remit has also changed, now focusing on improving the legislation of all Member 
States. 
2.2 	European Union influence on environmental and waste legislation 
The EU is a relatively recent development (European Union 2005). The Treaty 
Establishing the European Coal and Steel Community (1951) and the Treaty of Rome 
(1957) established an embryonic European Community, which was finally recognized 
in the Merger Treaty of 1965 (gathering together the European Coal and Steel 
Community, European Economic Community and Euratom). The UK joined the 
European Community in 1973. The EU was finally established in 1993 through the 
Treaty on European Union (or the Maastricht Treaty). The scope of the EU has 
expanded from predominantly economic co-operation between European countries 
prior to 1967 to include, among other social, legal and economic aspects, 
environmental protection. To date, Europe has developed policy and legislation 
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incorporating, for example, the areas of natural resources and waste, nature and 
biodiversity, environment and health, and climate change. All policy informs 
legislation, which takes the form of Directives, Regulations and Decisions. 
Environmental policy determines the principal objectives to be addressed through 
legislation and defines future proposals for further discussion. Environmental 
legislation in the EU results from the policy decisions laid out in the sequential series 
of Environmental Action Programmes (EAPs) and Waste Management Strategies, 
which have their origins in the Paris Summit 1972 (European Council 1972). The first 
five EAPs, covering the periods from 1973 to 2000, had no legislative force. 
However, development of the EAPs led to an increase in the amount of legislation 
pertaining to the environment: prior to 1973, only 15 items of legislation referred to 
the environment but within two years of the First EAP, this number had doubled. 
Over the course of the EAPs there has been a gradual progression from pollution 
control to pollution prevention with the integration of sustainable development in the 
most recent Programmes (Gervais 2002). 
Although the First EAP of 1973-76 failed to address waste as an important 
environmental concern, limiting waste policy to remedial action for large scale waste 
disposal activities, later versions have increasingly emphasized the need to adopt 
waste management regimes to reduce the amount of waste generated (Haigh 1999). 
The Second and Third EAPs (1977-1981 and 1982-1986 respectively) introduced the 
concept of the waste hierarchy — prevention, re-use, recycling and safe disposal of 
non-recoverable items. The Fourth EAP (1987-1992) suggested the introduction of a 
broader range of policy instruments, such as economic incentives and voluntary 
agreements, to realize the waste hierarchy. The Fifth EAP (1993-2000) introduced the 
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concept of "sustainability" and developed waste management as one of the seven 
thematic strategies: both features of which were expanded in the Sixth and current 
EAP (2002-2012). Unlike previous policy, the Sixth EAP has been ratified through 
the Maastricht Treaty and is intended to deliver the environmental objectives of the 
EU Sustainable Development Strategy. Emphasis has been placed upon individual 
waste streams such as waste electrical and electronic equipment, improving recycling 
and encouraging the development of less hazardous or problematic wastes. 
The Waste Management Strategies of 1989 and 1996 provide more depth to EU waste 
policy (European Commission 2005a). Domestic waste is cited as one area of concern 
in the first strategy, notifying the need for further monitoring and assessment. A 
principal statement outlines hazardous waste disposal policy, decreeing that disposal 
should not include hazardous waste disposed of to landfill. The second strategy cites 
a primary aim to "avoid risk to human health and the environment". This is adopted 
through suggested measures for hazardous waste management including reducing the 
content of hazardous materials, avoiding certain hazardous substances in products, 
and the application of the precautionary/preventative principle if sufficient doubt 
exists. Landfilling and discharges from waste, specifically when landfilled, are 
required to be minimized and producer responsibility is proposed as a means of 
achieving the targets set by the strategies. 
The Focus on Waste Management document of 1999 (European Commission 1999) 
further summarizes and clarifies the EU position with regard to waste. The preferred 
option for waste management is through an optimal treatment method posing the 
lowest possible risk to human health and the environment. This demonstrates the 
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movement away from initial policy goals of harmonizing European waste policy to 
actively pursuing the implementation of further measures to protect human health and 
the environment from the consequences of waste production and disposal. Directives 
represent the legal obligations required of all Member States and must be transposed 
into national legislature. Provided that the specific aims and criteria of the Directives 
are met, Member States may implement the legislation in any form appropriate to the 
country in question. Generally, a Framework Directive sets out the principles, 
procedures and requirements for a particular legal sector. Daughter Directives derive 
from the Framework Directive, providing more detail for large and frequently complex 
subject areas. Three environmental sectors have thus been addressed: water, air and, 
as detailed next, waste. 
EU legislation sub-divides waste into two categories: that which falls under the Waste 
Framework Directive (WFD) 75/442/EEC establishing the European Union-wide basis 
for waste management (European Council 1975a) and that which does not, often 
because it is controlled by European legislation other than the WFD (Table 2.1)1. The 
two groups are often referred to as Directive waste and non-Directive waste 
respectively. The WFD provides the framework for waste management within the EU, 
outlining management criteria including the need for recycling and registration of 
waste for transportation as well as the preparation of waste management plans and 
integration of the "polluter pays" principle. Although the distinction between waste 
and non-waste might seem obvious to the casual observer, a legal interpretation is 
important. The WFD provides this in Article 1, describing waste "as a substance or 
object in the categories set out in Annex 1 [of this Directive] which the holder discards 
1 The Waste Framework Directive has been re-codifed as 2006/12/EC although the text remains 
unchanged (European Parliament and Council 2006a). 
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or intends or is required to discard". However, the distinction between a waste and 
non-waste, or "goods", provided by the WFD has been found to be opaque on 
application and has led to legal challenge in the European Court of Justice (Staker 
2005). Over 2 billion tonnes of Directive waste are generated per year across EU 
Member States (Hansen et al. 2002) and it is important that the distinction between 
waste and non-waste is identified to permit appropriate management. 	The 
Commission is committed to clarify the distinction in the forthcoming amendment to 
the WFD. 
Whilst the WFD provides the basis for waste legislation in the EU, it is by no means 
the only documentation. EU waste legislation is frequently divided into three groups — 
horizontal, technical and specific (Figure 2.1). Horizontal or framework legislation 
includes the WFD and the Hazardous Waste Directive (HWD) 91/689/EEC (European 
Council 1991a). The HWD further develops legislation with regard to hazardous 
waste only, specifying the properties that render waste hazardous and therefore 
applicable to the management structures outlined in the WFD. Changes to waste 
legislation in the future will see the HWD integrated into the WFD (European 
Commission 2005a), possibly by late 2006. A list of the wastes falling within the 
scope of the WFD and HWD is provided in separate legislation, the European Waste 
Catalogue (EWC) 2000/532/EC (European Commission 2000), a copy of which is 
provided on the accompanying CD. Integrating an expanded Hazardous Waste List 
94/904/EC, the EWC, as amended by Decisions 2001/118/EC, 2001/119/EC and 
2001/573/EC, is subject to the articles of the HWD (European Commission 2000; 
European Commission 2001a; European Commission 2001b; European Council 
2001). 
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Table 2.1: Wastes exempted from the Waste Framework Directive (WFD) ("non-
Directive") and legislation specific to generation and disposal. The categories are 
based on the original, pre-amendment WFD: decommissioned explosives appear in the 
amended WFD, which excludes mention of "waste subject to specific Community 
rules". 
Exempted waste groups Relevant Directive/s 
Directive 80/836/Euratom; Regulation 1493/93; 
Resolution COM(94)66; Recommendation 
1999/669/EC (European Commission/Euratom 1999; 
European Council 1980a; European Council/Euratom 
1993; European Council/Euratom 1994) 
Directive 2006/21/EC (European Parliament and 
Council 2006b) 
Directive 90/667/EEC; Regulation 1774/2002 
(European Council 1990; European Parliament and 
Council 2002a) 
Excluded from original WFD but included in later 
amendments (European Council 1991b) 
Directive 91/271/EEC (European Council 1991c) 
Directive 2000/76/EC (European Parliament and 
Council 2000a) 
Directive 93/15/EEC; Directive 96/82/EC (European 
Council 1993; European Council 1996) 
Radioactive 
Mineral (mining & quarrying) 
Animal carcasses & faecal 
matter (natural agricultural 
waste) 
Agricultural — non-natural 
Waste water 
Gaseous effluents 
Decommissioned explosives 
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Table 2.1 — (continued) 
Exempted waste groups 	Relevant directive/s 
Waste subject to specific 
Community rules 
Directive 75/439/EEC; Directive 86/278/EEC 
(European Council 1975b; European Council 1986). 
Removed from exemption list by Directive 
91/156/EEC (European Council 1991b). 
 
 
Technical legislation encompasses the waste categories described in both the WFD 
and HWD, aiming to reduce the impact of waste disposal practices on the 
environment and human health. Predominant among the technical standards or 
treatment operations legislation are the Landfill Directive (LFD) 99/31/EC and Waste 
Incineration Directive 2000/76/EC (European Council 1999; European Parliament and 
Council 2000a). The LFD sets standards for the landfilling of waste across Member 
States, establishing broad requirements for design, construction and management of 
landfills, alongside restrictions on the types of wastes acceptable for landfilling. 
Important demands made by the LFD include diversion of biodegradable waste from 
landfilling and preventing co-disposal of hazardous and non-hazardous wastes. It also 
provides a definition of waste categories, listing municipal waste, hazardous waste, 
non-hazardous waste and inert waste, and their respective landfill types. The LFD 
and Waste Incineration Directive both aim to reduce emissions resulting from waste 
disposal activities. 
All aforementioned legislation provide a framework for Directives concerning specific 
waste streams (Figure 2.1), much of which is concerned with hazardous wastes and a 
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move towards producer responsibility and integrated product policy. The Waste 
Electrical and Electronic Equipment Directive (WEEE) 2002/96/EC and the End-of-
Life Vehicles Directive (ELV) 2000/53/EC specify waste collection and pre-disposal 
treatment obligations (European Parliament and Council 2000b; European Parliament 
and Council 2002b). The Directive on Batteries and Accumulators 91/157/EEC and 
Directive on the Restriction of the Use of Certain Hazardous Substances in Electrical 
and Electronic Equipment (RoHS) 2002/95/EC aim to reduce hazardous content and 
hence simplify disposal requirements (European Council 1991d; European Parliament 
and Council 2002c). The Packaging and Packaging Waste Directive 94/62/EC focuses 
on the reduction and recycling of relevant articles (European Council 1994a). 
European legislation regarding waste has increased considerably since the early 1990s, 
reflecting the waste policy of the EAPs. The amount of legislation has led to varied 
rates of transposition into the national law of Member States and certain Directives are 
still in the process of full implementation. The UK has only recently fully 
implemented the WFD with regard to agricultural waste and is still in the process of 
transposing the WEEE Directive, having recently realized the complete requirements 
of the HWD. Table 2.2 shows EU legislation transposed into UK law. 
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Horizontal: 
II-- - -Po 
Waste Framework Directive 
75/442/EEC (2006/12/EC) 
Hazardous Waste Directive 
91/689/EEC 
European Waste Catalogue 
2000/532/EC 
Integrated Pollution 
Prevention and Control 
96/61/EC 
Landfill Directive 99/31/EC 
Technical: 
Waste Incineration Directive 
2000/76/EC 
Packaging and Packaging 
Waste Directive 94/62/EC 
Waste Electrical and 
Electronic Equipment 
Equipment 2002/96/EC 
- _ 
End-of-Life Vehicles 
Directive 2000/53/EC 
Restriction on the Use of 
Certain Hazardous Substances 
Directive 2002/95/EC 
Specific: 
- waste: 
- goods: 
Batteries and Accumulators 
Directive 91/157/EEC 
Figure 2.1: Waste legislation in the European Union: mapping the relationships 
between Directives. 
41 
Table 2.2: UK implementation of EU waste laws. Also included are non-waste 
Directives that impact upon the types of wastes generated. 
EU Legislation (as amended)# 	UK Equivalents (as amended) * 
Waste Framework Directive 
75/442/EEC (re-codified as 
2006/12/EC) 
The Environmental Protection Act 1990 
The Control of Pollution (Amendment) Act 
1989 
The Waste Management Licensing Regulations 
1994 (as amended) 
The Controlled Waste Regulations 1992 
The Controlled Waste (Registration of Carriers 
and Seizure of Vehicles) Regulations 1991 
Environment Act 1995 
 
 
  
Hazardous Waste Directive Hazardous Waste (England and Wales) 
Regulations 2005 (replacing the Special Waste 
Regulations 1996, as amended) 
91/689/EEC 
  
European Waste Catalogue 	List of Wastes (England) Regulations 2005 
Landfill Directive 99/31/EC 
	
Landfill (England and Wales) Regulations 
2002 (as amended) 
Waste Incineration Directive 	The Waste Incineration (England and Wales) 
2000/76/EC 	 Regulations 2002 
42 
Table 2.2 — (continued) 
EU Legislation (as amended)# UK Equivalents (as amended)* 
The Producer Responsibility Obligations 
(Packaging Waste) Regulations 1997 (as 
amended) 
The Packaging (Essential Requirements) 
Regulations 1998 (as amended) 
The Waste Electrical & Electronic Equipment 
Regulations 2006 
End of Life Vehicle (ELV) Regulations 2003 
The Batteries and Accumulators (Containing 
Dangerous Substances) Regulations 1994 
(amended 2000) 
The Waste Management Licensing Regulations 
1994 (as amended) 
The Environmental Protection (Controls on 
Ozone-Depleting Substances) Regulations 
2002 
Packaging & Packaging Waste 
Directive 94/62/EC 
Waste Electrical & Electronic 
Equipment Directive 2002/96/EC 
End-of-Life Vehicles Directive 
2000/53/EC 
Batteries & Accumulators 
Directive 91/157/EEC 
Waste Oil Directive 75/439/EEC 
Ozone-Depleting Substances 
Regulations 2037/2000 
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Table 2.2 — (continued) 
EU Legislation (as amended)# UK Equivalents (as amended)* 
Restriction of the Use of Certain 	The Restriction of the Use of Certain 
Hazardous Substances in Electrical Hazardous Substances in Electrical and 
and Electronic Equipment Directive 1 Electronic Equipment Regulations 2005 
2002/95/ECt 
Medicinal Products for Human Use 
Directive 2004/27/EEC, amending 
2001/83/EC (adapting all 
Directives up to and including 
65/65/EEC) t 
The Chemicals (Hazard Information & 
Packaging Supply) Regulations 2002 (CHIP3) 
The Chemicals (Hazard Information & 
Packaging Supply) Regulations 2002 (CHIP3) 
Plant Protection Products Regulations 1995 
(The Control of Pesticides Regulations 1986) 
(Food and Environment Protection Act 1985) 
The Medicines (Homoeopathic Medicinal 
Products for Human Use) Regulations 1994 (as 
amended) 
The Medicines (Advertising) Regulations 1994 
(as amended) 
The Medicines for Human Use Regulations 
Dangerous Substances Directive 
67/548/EEC t 
Dangerous Preparations Directive 
88/379/EEC t 
Plant Protection Products Directive 
91/414/EEC j 
1994 (as amended) 
(The Medicines Act 1968) 
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Table 2.2 — (continued) 
EU Legislation (as amended)# UK Equivalents (as amended)* 
 
Veterinary Medicinal Products 
Directive 2004/28/EC, amending 
2001/82/EC (adapting all 
Directives up to and including 
81/851/EEC) t 
Veterinary Medicines Regulation 2005 
 
 
Cosmetic Product Directive 	Cosmetics Products (Safety) Regulations 1996 
2005/80/EC (amending 	 (as amended) 
76/768/EEC) f 
#(European Council 1975a); (European Council 1991a); (European Commission 
2000); (European Council 1999); (European Parliament and Council 2000a); 
(European Council 1994a); (European Parliament and Council 2002b); (European 
Parliament and Council 2000b); (European Council 1991d); (European Council 
1975b); (European Parliament and Council 2000c); (European Parliament and Council 
2002c); (European Council 1967); (European Council 1988a); (European Council 
1991e); (European Council 1965; European Parliament and Council 2004a); 
(European Parliament and Council 2004b); (European Council 1976) 
*The Environment Protection Act (c.43); Control of Pollution (Amendment) Act 1989 
(c.14); (Statutory Instrument 1994a); (Statutory Instrument 1992); (Statutory 
Instrument 1991); Environment Act 1995 (c.25); (Statutory Instrument 2005a); 
(Statutory Instrument 1996a); (Statutory Instrument 2005b); (Statutory Instrument 
2002a); (Statutory Instrument 2002b); (Statutory Instrument 1997); (Statutory 
Instrument 1998); (Statutory Instrument 2003); (Statutory Instrument 1994b); 
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(Statutory Instrument 1994a); (Statutory Instrument 2002c); (Statutory Instrument 
2005c); (Statutory Instrument 2002d); (Statutory Instrument 1995); (Statutory 
Instrument 1986); Food and Environment Protection Act 1985 (c.48); (Statutory 
Instrument 1994c); (Statutory Instrument 1994d); (Statutory Instrument 1994e); The 
Medicines Act (c.67); (Statutory Instrument 2005d); (Statutory Instrument 1996b) 
TEWC replaces List of Wastes Decision 94/3/EC and Hazardous Wastes Lists 
Decision 94/904/EC. 
t Legislation refers to products or "goods" rather than waste. Nevertheless, will 
impinge on waste streams through changes in product composition (less hazardous) to 
providing information for the disposal of unwanted product. 
2.3 	Waste legislation in the United Kingdom 
EU Member States adopt different approaches to the implementation of Directives. 
As shown in Table 2.2, the UK approach to the transposition of EU waste law has 
altered since the mid-1990s. More recently, a direct transposition approach has been 
adopted. Original implementation of the HWD was through the Special Waste 
Regulations 1996 (SWR) (Statutory Instrument 1996a), which updated the Control of 
Pollution (Special Wastes) Regulations 1980 according to the European Directive 
(Statutory Instrument 1980). However, the SWR prevented full realization of the 
HWD. For instance, the SWR definition of "special waste" did not match exactly the 
definition of "hazardous waste" provided by the HWD. This, and a number of similar 
inconsistencies concerning the waste types included in the SWR and HWD definitions, 
led to the development of the Hazardous Waste (England and Wales) Regulations 
2005 (HWR) (Statutory Instrument 2005a), which fully implements the HWD. 
46 
Unlike the relationship between the HWR and HWD, transposition of the WFD into 
UK legislation occurs through several statutory instruments, as listed in Table 2.2. 
The Controlled Waste Regulations 1992 (CWR) (Statutory Instrument 1992), provides 
a classification of waste under one of two headings: controlled and non-controlled. As 
such, it reflects but does not replicate the "Directive" and "non-Directive" categories 
of the WFD. Controlled waste is described as household, commercial and industrial 
wastes, with the recent inclusion of agricultural waste as described in the WFD (Table 
2.1). A notable difference between the "controlled" waste of the CWR and Directive 
waste is the reference to household waste in the former and both household and 
municipal waste in the latter. It can be inferred from the legislation that household 
waste includes all waste with a domestic origin, including separately collectedfractions 
at civic amenity sites (variously called household waste recycling centres and 
household waste reception sites) and the collection of bulky household goods. 
Municipal waste, described in the EWC, incorporates all elements of household waste 
plus similar waste from commercial and industrial sources (i.e. that from shops, 
schools, prisons, other institutions, leisure facilities etc. that has the same 
characteristics as household waste), street sweepings and waste from parks and other 
public land. Sub-categories within the EWC refer specifically to household waste and 
municipal waste from other sources. In UK legislation, the term "household" is used 
to refer to "municipal" sources, often introducing "domestic" to indicate waste 
generated from household-only sources. The terminology used by the HWD follows a 
similar pattern and hence differs from that of the EWC. Confusion of the terms is 
frequent and often leads to problems when interpreting the scope of legislation: for the 
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purposes of this work, the definitions provided by the EWC, namely the use of 
"household" and "municipal" will be used. 
2.4 	Municipal and household waste 
Although municipal waste is generated in considerably lower quantities than industrial 
(including construction and demolition) and commercial wastes, production levels are 
increasing despite considerable efforts to reduce it that have only resulted in slowing 
the rate of increase. Production in Organization for Economic Cooperation and 
Development (OECD) countries is estimated to be 540 million tonnes per annum 
(Organization for Economic Cooperation and Development 2001), whilst in the EU 
this figure is given as 200 million tonnes, with a 10% increase over a six-year period 
in the 1990s (Hansen et al. 2002). Most of the global waste production, some 64%, is 
landfilled (Zacarias-Farah and Geyer-Allely 2003). In the UK, 30 million tonnes of 
municipal waste are produced every year with an estimated increase of 1-3% per 
annum (Department for Environment, Food and Rural Affairs 2000; Department for 
Environment, Food and Rural Affairs 2002; Department for Environment, Food and 
Rural Affairs 2003). Over 80% of this waste is sent to landfill. The bulk of municipal 
solid waste (MSW), some 67% of global production, derives from households 
(Organization for Economic Cooperation and Development 2001). 
MSW is considered to be a non-polluting waste stream due in part to a predominantly 
domestic origin and generation at levels of magnitude below those for the other 
controlled waste streams (Table 2.3). Waste generated by everyday domestic 
activities is less likely to be perceived as possessing potentially hazardous properties 
than waste generated in, for example, an industrial setting. Municipal and household 
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waste is dominated by paper/card and other biodegradable waste categories (Appendix 
A). However, municipal waste does contain a hazardous element as defined by the 
HWD (European Council 1991a) and hence is worthy of consideration along 
hazardous disposal guidelines. The EWC gives, at Chapter 20, some municipal waste 
groups considered to possess hazardous properties, and the WEEE Directive 
incorporates waste from municipal sources (European Commission 2000; European 
Council 1991a). A review of the literature, described in Chapter 3, reveals the 
potentially harmful properties of other commonly used domestic items (Gendebien et 
al. 2002). Leachate analyses from MSW landfills and co-disposal sites, detailed in 
Chapter 4, demonstrate the presence of hazardous substances associated with 
household, or more general municipal, waste (Kjeldsen et al. 2002). Thus, electrical 
and electronic goods, garden chemicals, pharmaceuticals, detergents and personal care 
products, paint and related products, photographic chemicals, motoring products, and 
batteries are among the product groups linked to the occurrence of xenobiotic organic 
substances and heavy metals in landfill leachate. Should leachate escape into the 
surrounding environment, surface and groundwater, and subsequently human health, 
could be at risk. Alternative methods for the management of hazardous waste, 
including recycling and incineration, have also been linked to environmental and 
health risks (Gandy 1995; Nakamura et al. 1996; Sabbas et al. 2003; Seik 1997; 
Shapek 1995). 
Recognition that everyday items used in and around the home possess one or more of 
a variety of hazards is expanding rapidly, leading to the development of legislative 
measures to reduce the risk of harm to health and environment. With legislation at the 
European and national level currently undergoing many amendments, the regulatory 
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standing of the hazardous element of municipal waste requires further examination. 
Hazardous waste in the household fraction is often referred to as household hazardous 
waste (HHW). This phrase is usually used only to define waste of domestic origin but 
can also be applied to municipal hazardous waste: here, HHW will be used when 
referring to waste derived from households only unless otherwise stated. It is a term 
that is not referred to in European legislation, tending instead to refer to hazardous 
waste of domestic, household or municipal origin. Nevertheless, "HHW" has a 
universal usage, frequently referred to in literature of the United States Environment 
Protection Agency (US-EPA) and similar organizations around the world. 
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Table 2.3: Breakdown of waste production in UK, 2002/3 (Department for 
Environment, Food and Rural Affairs 2004, 2005a). Household, municipal, 
commercial, industrial, and construction and demolition wastes are controlled through 
the Waste Framework Directive (European Council 1975a), implemented in the UK 
through the Controlled Waste Regulations (Statutory Instrument 1992). 
Waste Sector Estimated waste arisings Estimated tonnage 
(%) (million tonnes) 
Sewage sludge <1 
Dredged materials 5 
Mining & quarrying 29 113 
Agriculture* <1 
Household/municipal 17 
Commercial 13 
Industrial 20 220 
Construction & 
demolition 
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*Agricultural non-natural waste becomes a controlled waste in 2006, bringing the UK 
in line with the amendments made to the WFD (European Council 1991b). Natural, 
non-dangerous substances arising from farming activity, e.g. faecal matter, are 
excluded from the scope of the WFD. 
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2.5 	Household hazardous waste 
Despite absence from legal terminology, definitions of HHW do exist. "Leftover 
household products that contain corrosive, toxic, ignitable, or reactive ingredients" is 
the description provided by the US-EPA (United States Environment Protection 
Agency 2005). The UK-based National Household Hazardous Waste Forum 
(NHHWF) describes HHW as "any material discarded by a household which is 
difficult to dispose of, or which puts human health or the environment at risk because 
of its chemical or biological nature" (National Household Hazardous Waste Forum 
1999). The latter definition therefore includes both legally defined hazardous wastes 
and other problematic wastes. Similar definitions based upon hazardous properties are 
frequently cited, often accompanied by informal lists of potential waste products or 
chemical components. All classifications are based on "conventional" definitions of 
hazardous properties and very few consider "emerging" hazards that have increasingly 
become the focus of scientific research. Endocrine disruption along with ecotoxicity 
and the effects of persistence and bioaccumulation are some of properties currently 
being considered in the scientific literature (Hirsch et al. 1999; Parmar 1995; 
Wollenberger et al. 2003). Despite inclusion as hazard phrases (Appendix B) in the 
HWD, along with other dangerous properties such as carcinogenicity, mutagenicity 
and teratogenicity, it is far from evident that such hazards are legislatively applicable 
to household wastes, as discussed below. 
Notably focusing on industrial and larger commercial waste streams, the HWD does 
make mention of hazardous waste with municipal origin, deemed to include HHW. 
However, the references to such waste are contradictory. Household hazardous waste, 
whether or not it is separately collected, is excluded from the provisions of the HWD 
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under Article 1(5) and yet permitted, as separate fractions, by the same legislation 
through Annex IB(39). This demonstrates the confusion concerning definitions of 
waste origin (Box 2.1). Reference to "domestic" waste in Art. 1(5) and "household" 
in Annex IB(39) indicate that whilst hazardous waste from households only are 
exempt from hazardous classification, separately collected municipal fractions are not. 
However, no measures are recommended to ensure all hazardous elements of the 
municipal waste stream are separated from non-hazardous waste. The EWC considers 
only separately collected fractions as potentially possessing hazardous properties 
(chapter 20 01): mixed municipal waste (described by the six-digit waste code as 20 
03 01), regardless of content, must always be non-hazardous. Co-disposal of HHW, 
provided it has not first been separately collected as "non-household" municipal 
waste, with non-hazardous wastes is therefore permitted. 
Article 1(5) of the HWD also states that "the Council shall establish, upon a proposal 
from the Commission, specific rules taking into consideration the particular nature of 
domestic waste not later than the end of 1992". No further steps were taken regarding 
this statement until, in February 1997, the European Commission published a 
discussion paper regarding a proposed directive on hazardous municipal waste 
(WasteOnline 2004b). The paper proposed a separate collection programme for 
hazardous municipal waste. It was suggested that products categorized as hazardous, 
including paints, solvents, medicines, pesticides, fluorescent tubes, equipment 
containing CFCs and various types of electronic equipment, be labelled with the 
crossed-out wheeled bin symbol now used under the WEEE Directive. No further 
progress has been reported on this proposed amendment to the HWD. 
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The EWC provides two classifications of hazardous waste, which are referred to in the 
UK as "absolute" and "mirror" entries. "Absolute entries" are categorized as 
hazardous regardless of composition or concentration of hazardous substance within 
the waste. For example, all pesticides in municipal waste (listed under 20 01 19) can 
be classified as hazardous without assessment of composition. Absolute hazardous 
waste can be considered to display one or more of the properties (or hazard phrases) 
listed in Annex III to the HWD (Box 2.1). "Mirror entries" identify particular waste 
categories that are only hazardous when they contain a dangerous substance above a 
certain threshold concentration: hence, two almost identical entries, one hazardous 
and one non-hazardous, are posted. Dangerous substances are defined in the 
Dangerous Substances Directive 67/548/EEC, as amended, which also refers to the 
risk phrases (or R numbers) used to designate a chemical as possessing dangerous 
properties (Appendix B) (European Council 1967). The Dangerous Preparations 
Directive 88/379/EEC, as amended, lists concentration limits for dangerous 
substances, with presence above the limit rendering a product or preparation 
hazardous. Article 2 of the EWC lists the threshold limits for hazard characteristics 
H3-H8, H10 and H11: the EWC does not provide concentration specifications for the 
remaining hazard phrases (Box 2.1, Annex III). 
Testing separately collected waste with a "mirror entry" in the EWC is necessary to 
determine possession or concentration of dangerous substances. However, problems 
of definition and the exemption of domestic waste from the scope of the HWD permit 
the co-disposal of non-hazardous and hazardous municipal wastes, irrespective of the 
type of hazardous property possessed and classification as an absolute or mirror 
hazardous waste. The details of hazardous products found in municipal waste listed in 
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Chapter 20 of the EWC (Table 2.4) correspond to Annex 1A of the HWD which 
includes the generic types of hazardous waste found in controlled waste (Box 2.1). 
The Landfill Directive differentiates between non-hazardous, hazardous and inert 
wastes and their respective landfills. Waste must meet waste acceptance criteria 
(WACs) for classification as one of the three waste types. Whilst separately collected 
"absolute" and hazardous "mirror" entries of HHW require WAC testing before 
disposal method may be determined, HHW co-disposed with MSW need not. Section 
2.2.1 of the Waste Acceptance Criteria Decision 2003/33/EC states that "Municipal 
waste as defined in Article 2(b) of the Landfill Directive ["municipal waste" means 
waste from households, as well as other waste which, because of its nature or 
composition, is similar to waste from household] that is classified as non-hazardous in 
Chapter 20 of the European waste list, separately collected non-hazardous fractions of 
household wastes and the same non-hazardous materials from other origins can be 
admitted without testing at landfills for non-hazardous waste" (European Council 
1999; European Council 2003). Unlike other waste streams, co-disposed municipal 
waste is therefore considered to be non-hazardous irrespective of waste composition. 
Increasingly, legislation is demanding the further separation of hazardous from non-
hazardous household and municipal wastes. The Landfill Directive 99/31/EC 
(European Council 1999) stipulates separate disposal of hazardous and non-hazardous 
wastes, although such delimitations are based upon the definitions provided by the 
HWD. Separate disposal from the non-hazardous MSW stream is encouraged through 
this Directive, namely the separation of biodegradable waste. The effects of the 
Landfill Directive in the UK will be considerable as landfill disposal accounts for 
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almost 80% of municipal waste disposal (Department for Environment, Food and 
Rural Affairs 2005a). 
Whilst cars and similar vehicles are not considered to be potential MSW categories in 
Chapter 20 of the EWC, the End-of Life Vehicles Directive (ELV) 2000/53/EC 
impinges on MSW through the disposal of domestic vehicles (European Parliament 
and Council 2000b). Whilst discarding to specialist facilities, particularly those 
provided by scrap merchants, has largely been practised, some DIY or classic car 
enthusiasts potentially discard car parts via the MSW stream. Transposition of the 
ELV in some member states, including the UK, has placed responsibility for the 
disposal of domestic vehicles on the last registered owner (but not the local authority), 
thus rendering the waste a household fraction. 
56 
Box 2.1: Extracts from the European Union's Hazardous Waste Directive (European 
Council 1991a) pertinent to household hazardous waste. Note the use of terms 
"domestic" and "household" alongside absence of reference to municipal waste. 
Hazardous Waste Directive (91/689/EEC):  
■ Article 1 (5) — 'Domestic waste shall be exempted from the provisions of this Directive. The Council 
shall establish, upon a proposal from the Commission, specific rules taking into consideration the 
particular nature of domestic waste not later than the end of 1992.' 
■ Article 2 (2) — ' ...do not mix different categories of hazardous waste or mix hazardous waste with 
non-hazardous waste.' 
Annex I A — 'Wastes displaying any of the properties listed in Annex III and which consist of: 
2. pharmaceuticals, medicines and veterinary compounds; 
3. wood preservatives; 
4. biocides and phyto-pharmaceutical substances (e.g. pesticides, etc.); 
5. residue from substances employed as solvents; 
8. mineral oils and oily substances; 
9. oil/water, hydrocarbon/water mixtures, emulsions; 
12. inks, dyes, pigments, paints, lacquers, varnishes; 
13. resins, latex, placticizers, glues/adhesives; 
16. photographic chemicals and processing materials' may be classified as hazardous. 
■ Annex I B (39) — 'materials resulting from selective waste collections from households and which 
exhibit any of the characteristics listed in Annex III' can be considered to be hazardous. 
■ Annex I B (40) — 'any other wastes which contain any of the constituents listed in Annex II and any of 
the properties listed in Annex III. 
■ Annex II — 'Constituents of the wastes in Annex I B which render them hazardous 	 C5 nickel 
compounds; C6 copper compounds; C7 zinc compounds; C8 arsenic compounds; C11 cadmium, 
cadmium compounds; C16 mercury, mercury compounds; C18 lead, lead compounds; C21 inorganic 
cyanides; C23 acidic solutions/solid form; C24 basic solutions/solid form; C33 pharmaceutical or 
veterinary compounds; C34 biocides and phyto-pharmaceutical substances; C36 creosotes; C39 
phenols, phenol compounds; C40 halogenated solvents; C41 other organic solvents; C42 organohalogen 
compounds; C43 aromatic, polycyclic, heterocyclic compounds; C44/45 aliphatic/aromatics amines; 
C51 hydrocarbons.' 
■ Annex III — Properties of wastes which render them hazardous: H1 Explosive; H2 Oxidizing; H3A 
Highly flammable; H3B Flammable; H4 Irritant; H5 Harmful; H6 Toxic; H7 Carcinogenic; H8 
Corrosive; H9 Infectious; H10 Teratogenic; H11 Mutagenic; H12 Substances/preparations which 
release toxic gases; H13 Substances/preparations yielding hazardous substances after disposal; H14 
Ecotoxic. [See Appendix B] 
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The Waste Electrical and Electronic Equipment Directive (WEEE) 2002/96/EC will 
have a considerable impact on MSW, requiring the separate collection and disposal of 
a range of household equipment as described in Annex IA and IB of the Directive 
(European Parliament and Council 2002b). As a hazardous component of municipal 
waste, listed in the EWC Chapter 20 (entries 20 01 21, 20 01 23 and 20 01 35) and in 
more detail in Chapter 16, implementation of the WEEE Directive will overlap with 
the HWD. However, a sister Directive restricting the use of hazardous substances in 
electrical and electronic equipment will reduce the hazardous nature of new products 
entering the waste stream (European Parliament and Council 2002c). It is possible 
that other elements of household/MSW will similarly require separate collection as 
further legislation comes into force, such as the new Batteries Directive replacing 
Directive 91/157/EEC (European Council 1991d). 
Product and package labelling legislation affecting hazardous substances determines 
what ultimately constitutes hazardous wastes (European Council 1967; European 
Council 1991e; European Parliament and Council 1998; European Parliament and 
Council 2002c). Currently under review in Europe, most Member States have 
legislation requiring the toxicological assessment of newly manufactured chemicals 
leading to the appropriate production of safety data sheets and labelling on packaging 
containing chemicals with potentially hazardous properties. Such information has the 
potential to aid identification of hazardous wastes corresponding to the waste groups 
listed in the EWC and aid in separate collection/disposal. 
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Table 2.4: Municipal Hazardous Waste listed in Chapter 20 of the European Waste 
Catalogue (European Commission 2000), notified in the list by an asterisk. The four-
digit prefix, 20 01, indicates separately collected fractions. 
Waste category Six-digit waste 
specific code 
Solvents 20 01 13 
Acids 20 01 14 
Alkalines2 20 01 15 
Photochemicals 20 01 17 
Pesticides 20 01 19 
Fluorescent tubes and other mercury-containing 
waste 
20 01 21 
Discarded equipment containing 
chlorofluorocarbons 
20 01 23 
Oil and fat other than those mentioned in 20 04 25 20 01 26f 
Paint, inks, adhesives and resins containing 
dangerous substances 
20 01 27f 
Detergents containing dangerous substances 20 01 29f 
Cytotoxic and cytostatic medicines 20 01 31f 
Mixed batteries and accumulators containing 
batteries or accumulators included in 16 06 01, 16 
20 01 33f 
06 02 or 16 06 03 
2 "Alkalises"  are referred to as a category within the EWC. Elsewhere in this thesis, however, the 
category will be referred to by the more correct terminology of "alkalis". 
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Table 2.4 — (continued) 
Waste category 	 Six-digit waste 
specific code 
Discarded equipment other than those mentioned in 20 01 35f 
20 01 21 and 20 01 23 containing hazardous 
components 
Wood wastes containing dangerous substances 	20 01 37f $ 
'Hazardous 'mirror' entries — accompanied by a non-hazardous entry. All other 
waste fractions are 'absolute' entries. 
$Added to the EWC through Commission Decision 2001/118/EC (European 
Commission 2001a). 
Legislation can be seen to define the type of waste that is classified as hazardous. 
However, until recently, there has been no legislative drive to separate the hazardous 
proportion of municipal/household waste from non-hazardous waste, despite the 
differentiation applied to hazardous waste from domestic/household and non-
household municipal sources. The recent adoption of the WEEE Directive signals a 
change of approach, necessitating separate collection of all municipal WEEE. For 
waste managers handling separately collected fractions of MSW not currently 
regulated by specific legislation, the hazard definitions provided by the HWD, 
Dangerous Substance Directive and related legislation are the sole descriptions 
available. It is argued below that these classifications are insufficient for accurate 
identification of problem wastes although the wastes listed in the EWC act as an 
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identification aid. More detailed information is required for each category of 
municipal waste highlighted in the EWC as possessing hazardous properties. 
2.6 	Interpretation of legislation pertaining to HHW categories 
Almost every item used in industrial and domestic settings possesses some degree of 
potential harm when considered as a waste. It is therefore necessary to determine the 
boundary that differentiates between a hazardous and non-hazardous waste. The 
legislation achieves this to some degree through the listing of activities and 
constituents that are deemed to render a waste type hazardous. Thus, the HWD 
incorporates lists of wastes and activities generating wastes that are considered to 
display hazardous properties in Annexes I and II of the Directive. However, the 
proviso appearing as point 40 in Annex IB of the HWD demonstrates the ambiguity of 
present delimitation exercises by stating that "any other wastes which contain any of 
the constituents listed in Annex II and any of the properties listed in Annex III" (Box 
2.1). Further verification of waste types considered hazardous is provided by the 
EWC. An asterisk notifies all hazardous substances, to distinguish from non-
hazardous entries. Furthermore, hazardous waste is subdivided into two classes, 
absolute and mirror. Thus, a waste classified as a mirror-entry hazard can be both 
hazardous or non-hazardous depending upon possession of a dangerous substance or 
combination of substances above threshold concentrations. 
The original Hazardous Wastes List (HWL) 94/904/EC (European Council 1994b) 
includes only five wastes from municipal sources as possessing hazardous properties: 
paints and similar products, solvents, photochemicals, pesticides, and fluorescent 
tubes and other mercury containing wastes. There was no classification as "absolute" 
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or "mirror" hazardous waste, and acids and alkalis were not listed. Despite exclusion 
from the municipal waste hazardous list, many of the wastes that appear in separate 
waste collections from households were considered hazardous in waste streams other 
than municipal refuse. As such, chlorofluorocarbon-containing equipment, wood 
preservation wastes, health care waste, acids and alkalis, and waste oils were 
considered hazardous when arising from industrial and certain commercial uses. 
Amalgamating the HWL with the non-hazardous listings of the EWC expanded the 
range of municipal wastes considered hazardous when separately collected, with the 
inclusion of "mirror" entries. Further amendments to the resulting Decision 
2000/532/EC (European Commission 2000) introduced wood wastes containing 
dangerous substances (European Commission 2001a), re-classified end-of-life 
vehicles as hazardous for entry 16 01 04 but not for municipal wastes (European 
Commission 2001b), and provided further detail concerning classification of oil 
(European Council 2001). Inclusion in the amended EWC can be considered to act as 
a definition of municipal, and hence household, hazardous waste. However, such 
reformation has yet to clarify all hazardous entries, particularly in the municipal waste 
section, which is important if HHW is to be correctly identified. 
2.6.1 Solvents, acids & alkalis 
Seven of the EWC municipal waste entries are "absolute" hazards. However the 
waste types described vary from particular products to properties of products. 
Pesticides, photochemicals, equipment containing CFCs and mercury containing 
equipment (except batteries) are specific products or descriptions of product types. 
Solvents, acids and alkalis are descriptions of properties of wastes and are notable for 
their lack of further description. More detail is provided elsewhere in the EWC, with 
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Chapter 14 ("wastes from organic substances used as solvents") providing a 
breakdown of groups of solvent waste arising from particular industrial activities. All 
halogenated solvents are considered to generate hazardous waste, as do aqueous 
solvents free of halogens. Waste acids and alkalis are listed throughout the EWC but 
are stated explicitly in Chapter 6 — wastes from inorganic chemical processes. Waste 
acidic solutions (06 01 01 onwards) include sulphuric acid, hydrochloric acid, 
hydrofluoric acid, phosphoric and phosphorous acid, and nitric and nitrous acid. The 
alkaline equivalents (06 02 01 onwards) are listed as calcium hydroxide, soda, 
ammonia, and waste salts and their solutions. It can be assumed that the Chapter 20 
entries include waste types similar to those in the earlier chapters. 
2.6.2 Photochemicals 
Waste photographic chemicals, 20 01 17, are considered absolutely hazardous when 
separately collected in municipal waste, with most waste expected to arise from small 
photographic shops. Whilst no further clarification is provided by Chapter 20, 
reference to Chapter 9 — "wastes from the photographic industry" - describes 
photochemical waste likely to be considered hazardous. All developer (water and 
solvent-based), fixer and bleach solutions carry the asterisk suffix, along with waste 
containing silver (except film and paper) and single-use cameras containing batteries 
listed as hazardous. 
2.6.3 Pesticides 
Pesticides are the fifth absolutely hazardous municipal waste, if separately collected. 
Further details must be sought from elsewhere in the EWC. Entries for pesticide 
waste occur in Chapter 2 (02 01 05 — "agrochemical waste"), Chapter 6 (06 13 01 — 
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"inorganic pesticides, biocides and wood preserving agents") and particularly Chapter 
7. "Wastes from the manufacture, formulation, supply and use of organic pesticides" 
(07 04) list halogenated and non-halogenated organic solvents, liquids and liquors as 
well as residues but does not include entries for particular pesticide types, such as 
pyrethoid or organophosphate substances. The Plant Protection Products Directive 
91/414/EEC must be consulted for details regarding individual chemicals (European 
Council 1991e). 
2.6.4 Fluorescent tubes and other mercury-containing waste 
The Chapter 20 entry for fluorescent tubes, an absolute hazardous waste, is relatively 
self-explanatory. The EWC includes one further mention of mercury containing 
waste, listed at 06 04 04 in Chapter 6. Fluoresecent tubes fall within the WEEE 
Directive and hence are subject to requirements for separate collection and treatment, 
even with household-only origin. 
2.6.5 Discarded equipment containing chlorofluorocarbons 
Discarded equipment containing chlorofluorocarbons (CFCs), absolute entry 20 01 
23, is now separately considered in the Ozone-Depleting Substances (ODS) 
Regulations 2037/2000 (European Parliament and Council 2000c) which details the 
separate collection and treatment prior to disposal of a range of CFC-containing 
products used within the home, principally refrigerators. This entry, alongside the 20 
01 35 category detailing discarded electrical and electronic equipment containing 
hazardous components and 20 01 21 describing fluorescent tubes and other mercury-
containing waste, is also controlled by the WEEE Directive. Other entries for CFCs 
are listed in the EWC, with discarded CFC-containing equipment listed in Chapter 16 
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under "discarded equipment and its components" (16 02 11). Aerosols are not 
considered to be CFC-containing products, as discussed in section 2.6.13 below. 
2.6.6 Discarded electrical and electronic equipment 
Heavy metal and CFC content, alongside possession of polychlorinated biphenyls 
(PCBs), asbestos and cathode ray tubes, define the inclusion of waste equipment in 
the WEEE Directive and as a mirror entry in the EWC. The waste included in the 
non-hazardous mirror entry 20 01 36 for electrical and electronic equipment is 
uncertain, particularly when compared to the waste products listed in Annex IA and 
IB of the WEEE Directive (European Parliament and Council 2002b). Batteries also 
fall within the WEEE Directive, alongside the other EWC entries for waste 
fluorescent tubes and CFC-containing equipment, but specific legislation regarding 
the separate collection and treatment of batteries is not expected for a number of years 
whilst the current Battery Directive (European Council 1991d) is under review 
(European Commission 2003a). Chapter 16 expands the particular types of discarded 
equipment, under 16 02 "discarded equipment and its components", likely to be 
included in the Chapter 20 entry. 
2.6.7 Oil and fat 
A mirror entry, the 20 01 26 listing encompasses all non-edible oils and fats. Under 
the amalgamated EWC/HWL, mineral oil, used extensively in vehicles and garden 
equipment, is assumed to be one component of the oil and fat group. Similarly, 
greases and other lubricating oils used in a variety of household applications are also 
considered to belong here. Further products could theoretically be classified in this 
category, although such classification remains uncertain. Petroleum jellies and wax 
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candles are not edible and so could easily fall into the non-edible category if 
separately collected. Edible fats and oils are considered by other convenors of 
hazardous wastes lists to possess potentially harmful effects. The flammability of 
cooking oil has been argued to be a significantly important factor, rendering it 
hazardous particularly in large amounts (National Household Hazardous Waste Forum 
1999). Cooking oil therefore possesses at least one hazardous property listed in 
Annex HI of the HWD, and can be considered an 'oily substance' as expounded by 
Annex IA(8) of the same legislation. Further clarification of this category is required 
to establish the requirements that need to be met for a waste to be considered 
hazardous. Chapter 13 provides clarification of "oil wastes", listing various hydraulic, 
lubricating and transmission oils along with brake fluids. The list for 07 06 (Chapter 
7), "wastes from the manufacture, formulation, supply and use of fats, greases, etc.", 
expands to a limited degree the non-edible fat element of the Chapter 20 entry. 
2.6.8 Paint, inks, adhesives and resins containing dangerous substances 
Chapter 8 of the EWC, "wastes from the manufacture, formulation, supply and use of 
coatings, adhesives, sealants and printing inks", expands on the mirror entries 
provided for paints, inks, adhesives and resins listed in 20 01 27* and 20 01 28. All 
paints and similar containing organic solvents are considered to be hazardous. 
2.6.9 Detergents containing dangerous substances 
Chapter 20 provides very little information towards the determination of the 
dangerous substances that render a detergent hazardous. Other entries in the EWC, 
principally in Chapter 7 (07 06 "wastes from the manufacture, formulation, supply 
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and use of ... detergents, etc."), suggest that the presence of organic solvents may 
contribute to hazardous classificaton. 
2.6.10 Cytotoxic and cytostatic medicines 
Only separately collected cytotoxic and cytostatic medicines, used predominantly in 
the treatment of cancer, arising from municipal/household sources are considered to 
be hazardous in the EWC. Cytotoxic medicines, without further guidance, could be 
considered to include antibiotics and antiseptics. 	Other medicines, whether 
prescription-only, pharmacy available or over-the-counter, are considered to form 
non-hazardous waste. Chapter 18 reinforces this classification, although hazardous 
status is conceded to "chemicals consisting of or containing dangerous substances" 
(18 01 06 and 18 02 05) and dental amalgam. Prior to the full implementation of the 
HWD into UK legislation, the SWR included all prescription-only medicines as 
special wastes and householders were encouraged to dispose of unused medicines at 
doctors' surgeries and pharmacies (Statutory Instrument 1996a; Statutory Instrument 
2005a). 
2.6.11 Batteries and accumulators 
Information provided in Chapter 20 for batteries and accumulators is more 
forthcoming, citing Chapter 16. Thus, entries in 16 06 "batteries and accumulators" 
describe lead, nickel-cadmium and mercury batteries as hazardous, whether separately 
collected by battery type or if present in an unsorted battery collection. A new Battery 
Directive that includes waste collection and disposal criteria is expected in the next 
few years (European Commission 2003a). 
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2.6.12 Wood containing dangerous substances 
An addition to the original EWC, the dangerous substances referred to can be assumed 
to result from preservation substances applied to prolong the useful life of wood. 
Chapter 3 ("wastes from wood processing .. etc.") provides some evidence to support 
this assumption, labelling all wood preservation wastes as hazardous in 03 02, 
including non-halogenated organic, organochlorinated, organometallic and inorganic 
wood preservatives. 
2.6.13 Wastes not considered HHW in European legislation 
There are a number of municipal wastes not listed in the EWC that have the potential 
to be classified as hazardous based on the properties described in the HWD. For 
instance, aerosol cans, or pressurized canisters containing liquids or solids, are not 
listed as a waste stream in Chapter 20 but have been included elsewhere in the EWC, 
particularly Chapter 14 (14 04 "waste from ... foam/aerosol propellents") and 
possibly Chapter 16 (16 05 "chemicals and gases in containers"). Prior to the 
Montreal Protocol of 1987 (United Nations Environment Programme 1987), the vast 
majority of aerosol cans utilized CFC propellents/solvents and so would have 
qualified for classification as hazardous, at least as 20 01 23 "discarded equipment 
containing chlorofluorocarbons". Alternative propellants and solvents have often 
proved to be flammable, hence the hazardous status of entry 14 04 05 "other solvents 
and solvent mixes". 
End-of-life vehicles are listed as hazardous in entry 16 01 04 due to Decision 
2001/119/EC, which also removed the non-hazardous Chapter 20 entry 20 03 05 
(European Commission 2001b). Yet, through the implementation of the ELV 
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Directive, householders will frequently dispose of domestic cars, thus forming a 
separately collected municipal waste with hazardous status. Waste tyres, whilst not 
hazardous, are a problematic waste stream and as such are no longer permitted to be 
disposed of in landfills (European Council 1999). 
Asbestos-based insulation materials may occasionally be found in older domestic 
properties. Asbestos fibres and dust are listed as a hazardous constituent of waste 
materials in Annex II C25 of the HWD and included as a hazardous waste in Chapter 
17, "construction and demolition wastes", of the EWC. Despite regulations at the 
national level to restrict exposure to asbestos, it is possible that such materials may be 
discarded with MSW and hence avoid disposal as a hazardous waste. 
Clinical waste is included in Chapter 18 of the EWC and in Annex IA of the HWD. 
Hospitals, clinics and similar institutions, all of which can be considered to be 
municipal waste generators, will generate most clinical waste. However, the separate 
collection and disposal of such waste under the remit of the HWD waste will be 
practised. However, disposal as hazardous waste from households and other small 
quantity generators, such as nursing homes, can be avoided due to exclusion of 
domestic waste from the HWD and labelling of only separately collected municipal 
waste as hazardous. 
There are other miscellaneous waste groups for which a case exists for inclusion as a 
separate waste stream in Chapter 20 of the EWC. Personal care products, which 
include a range of ingredients demonstrated to possess endocrine disruption capability 
and possible carcinogenic properties (Daughton & Ternes, 1999), and swimming pool 
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disinfection chemicals are two such examples. This latter group has been commonly 
included on lists in the United States and Australia but are not considered by name in 
the EWC. Certain discarded smoke alarms containing the radioactive source 
americium-241 and gas canisters are similarly absent from the EWC. 
2.7 	Effects of non-waste EU legislation 
The Dangerous Substances Directive has the greatest influence on hazardous waste 
law of any non-waste legislation. Combined with the Dangerous Preparations 
Directive, the classification of a waste as either hazardous or non-hazardous can be 
determined (European Council 1967; European Council 1988a). 
Other legislation affects the composition of the product and hence will ultimately 
determine the types of waste disposed of (Table 2.2). The Restriction of the Use of 
Certain Hazardous Substances in Electrical and Electronic Equipment (RoHS) 
Directive, the present Batteries and Accumulators Directive, Plant Protection Products 
Directive and the various Directives influencing human and veterinary medicines 
determine whether or not certain substances can be used in various products (European 
Council 1991d; European Council 1991e; European Parliament and Council 2002c; 
European Parliament and Council 2004a; European Parliament and Council 2004b). 
Thus, the level of mercury permitted in a standard battery has been reduced to such an 
extent that few modern batteries disposed of will fall under 16 06 03* "mercury-
containing batteries". Similarly, the RoHS Directive may eventually remove many of 
the substances that place electrical and electronic equipment within the scope of the 
WEEE Directive. Legislation affecting individual chemicals or groups of chemicals 
will also lead to the disposal of less hazardous waste. The EU has introduced 
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recommendations and regulations restricting or banning the use of, among other 
chemicals, tributyltin biocides, creosote, chromated copper arsenate wood treatments, 
various hair dyes, and phthalates in toys (European Commission 2001c; European 
Commission 2003b; European Parliament and Council 2003a). The Registration, 
Evaluation and Authorisation of Chemicals (REACH) regulatory framework proposal 
has the potential to take this further (European Parliament and Council 2003b). The 
aim of this proposed legislation is to improve the level of protection to health and the 
environment offered by current chemical regulations through the more effective 
identification of chemical properties. Adoption of the proposal is expected toward the 
end of 2006. 
2.8 	Household hazardous waste beyond Europe 
The EU practice of excluding HHW from hazardous legislation is common around the 
world. Federal law in the United States of America (USA), Canada and Australia 
exempts 1111W from hazardous waste legislation but encourages state collection and 
disposal programmes. As such, lists of wastes contributing to HHW are not defined in 
law. Instead, HHW may be described by lists of common household products with 
potentially hazardous ingredients, such as the household cleaners, indoor/garden 
pesticides, automotive product and workshop/paint supplies categories listed by the 
US-EPA (United States Environment Protection Agency 2005). Alternatively, HHW 
definitions reflect the EWC list mixing of product types, such as batteries and paints, 
with composition or property-based categories, described as acids, oxidizers etc. 
(Smith 2005; Waste Management Association of Australia 2006). 
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HHW in the USA is exempt from the definition of hazardous waste provided in 
Subtitle C hazardous waste management of the Resource Conservation and Recovery 
Act (RCRA) but is still subject to Subtitle D solid waste management regulations with 
other municipal wastes (United States Federal Code 1976a, 1976b). However, if 
HHW is mixed with small quantity or large generator waste, full Subtitle C regulations 
may be applicable. In regulatory terms, a RCRA hazardous waste is a waste that 
appears on one of the four hazardous wastes lists (F-list, K-list, P-list, or U-list), or 
exhibits at least one of four characteristics - ignitability, corrosivity, reactivity, or 
toxicity. 
In Australia, the inappropriate disposal of HHW to sewer, stormwater drain or landfill 
is a breach of a person's general environmental duty as described in the Environment 
Protection Act 1993 (Parliament of South Australia 1993). However, separate 
collection is not mandatory and a variety of schemes are used to encourage 
householders to remove HHW from general MSW, many of which include extended 
producer responsibility and voluntary product stewardship schemes. 
The Canadian province of Manitoba has developed draft regulations along similar 
lines, aimed at introducing compulsory product stewardship of eleven categories 
forming HHW. Most Canadian provinces have adopted a non-regulated, voluntary 
approach to the management of HHW (Smith 2005). 
2.9 Summary 
The EU has introduced a raft of environmental legislation in recent years aimed 
initially at standardising the approach to environmental control across Member States 
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but currently seeking to improve waste management, particularly with regard to 
potential risks to human health and the environment. New waste Directives have 
increasingly focused on individual waste streams, such as WEEE, and the techniques 
used for waste disposal, such as landfill. However, the legislation concerning HHW is 
vague and often contradictory. Domestic waste is exempt from the provisions of the 
HWD (Article 1(5)), yet separately collected wastes from households can fall into the 
scope of the same legislation, as detailed in Annex 1B(39). Problems concerning the 
definitions of "municipal", "domestic" and "household" wastes exacerbate the 
contradictions of the legislation. Interpretation of the legislation is such that HHW 
discarded by householders, whether co-collected with residual MSW streams or 
gathered separately at collection facilities such as civic amenity sites in the UK, is 
exempt from hazardous classification. Yet, when disposing of the separately collected 
waste from the collection facilities, it is considered to be hazardous waste and hence 
subject to the relevant regulations. 111-1W discarded as part of the residual MSW 
stream may be disposed of to non-hazardous waste landfills. 
A definitive description of the wastes comprising the hazardous element of household 
and municipal waste, often called HHW, is missing from EU legislation. The EWC 
provides a list of hazardous waste categories that can be considered to be a legal 
definition of 111-1W. The EWC categories are only hazardous if they are separate 
waste fractions. Whilst not a definitive list of all potentially hazardous MSW, it is at 
least contained within a legislative document. HHW lists from the rest of the world, 
whilst very similar in content, can be considered to be voluntary or informal lists. 
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CHAPTER THREE 
"All substances are poisons; there is none which is not a poison." - Translation of statement attributed 
to Paracelsus (1493-1541) 
HAZARDOUS COMPONENTS OF HOUSEHOLD WASTE: A 
REVIEW 
In Chapter 2, it was demonstrated that mixed waste of household origin is omitted from 
the hazardous waste legislation of developed countries, such as within the European 
Union (EU) (European Council 1991a) and the United States of America (USA) 
(United States Federal Code 1976a). Yet an extensive range of hazardous materials is 
used in and around the house which, if part of industrial/commercial streams, would be 
required to be discarded along specific guidelines. Unlike other waste types, in many 
countries general municipal solid waste (MSW) sent to landfill or for incineration is 
relatively unregulated, with no waste separation or proof of content required (European 
Council 1975a; European Council 1991a; Qasim and Chiang 1994; Statutory 
Instrument 1996a; United States Federal Code 1965). Consequently, hazardous 
materials can be disposed of alongside non-hazardous waste, resulting in the 
identification of hazardous organic contaminants in MSW landfill leachate (Bauer and 
Herrman 1997; Bauer et al. 1998; Cameron 1978; Christensen et al. 2001; Gintautas et 
al. 1992; Holm et al. 1995; Isidori et al. 2003; Marttinen et al. 2003; Oman and 
Hynning 1993; Robinson 1995). It is possible that, as markets open up, consumers 
may be exposed to a greater range of substances as manufacturers aim to produce new 
and enticing products. This could result in the utilization of more diverse or varied 
combinations of chemicals while ongoing assessments throw more and more 
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substances into the domain of "potential hazard" e.g. phthalates (Bauer and Herrman 
1997; Fukuoka 1997; Jonsson et al.; Parmar 1995), monosodium glutamate (Ohguro et 
al. 2002) and antibacterial agents (Perencevich et al. 2001). Hence waste streams are 
not only constantly growing but are also becoming more varied than at any time in the 
past. Conversely, from the European perspective, the Registration, Evaluation, 
Authorisation and Restriction of Chemicals (REACH) Directive and individual 
product-focused legislation such as the Restriction of Hazardous Substances (RoHS) 
and Plant Protection Product Directives (European Council 1991e; European 
Parliament and Council 2002c), have the potential to reduce the hazardous proportion 
of household waste. 
As stated earlier, much of the world disposes of its waste to land. Internationally, 
almost 70% of MSW is disposed of to landfill (Organization for Economic 
Cooperation and Development 2001; Zacarias-Farah and Geyer-Allely 2003). At 
present the United Kingdom (UK) uses landfill as the dominant disposal route, with 
81% of MSW disposed of in this way in a number of regions (Gendebien et al. 2002). 
Although drives by the EU will, in time, reduce dependency on disposal to land 
(European Council 1999), landfills will continue to offer a final disposal solution 
(Figure 3.1). 
To assess the potential environmental impact of past, current and future household 
hazardous waste (HHW) disposal to landfills, it is important that the amounts of each 
HHW sub-category, and hence chemical content, are obtained and pathways to 
disposal understood. The hazardous content of MSW has been estimated through a 
number of studies (e.g. Freeman 1989; Pendle and Poll 1993; Reinhart 1993; Stanek et 
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al. 1987). The studies often vary in their methodological definition of MSW, with 
some studies adopting estimates of HHW based solely on proportion in domestic solid 
waste whilst others base projections on amounts in domestic, commercial and similar 
wastes, a truer definition of MSW. Hence, if taken at face value, estimates can vary 
significantly. Reinhart (1993) provides a review of small scale US studies which 
suggest that hazardous waste constitutes between 0-0.5% of MSW produced. Using 
proportions in domestic waste only, Stanek and co-workers (Stanek et al. 1987) 
recorded a figure of 4% for household waste in Massachusetts. 
Often the different studies consider HHW to consist of varying types of waste: waste 
categories such as waste electrical and electronic equipment (WEEE), for instance, are 
frequently considered separately. On this basis, a number of estimates of HHW 
- 1 amounts produced in the UK and Europe vary from 250,000 tonnes year (Gendebien 
et al. 2002) through to 65,000 tonnes year-1 (Department for Environment, Food and 
Rural Affairs 2000) and 15-20,000 tonnes year-1 (Pendle and Poll 1993). If WEEE and 
chlorofluorocarbon (CFC) -containing waste are considered along with the UK 
Department for Environment, Food and Rural Affairs (Defra) figures (Department for 
Environment, Food and Rural Affairs 2000), the amount increases to 437,000 tonnes 
per year, with 208,000 tonnes of WEEE and 164,000 tonnes of CFC waste. Also, the 
amounts cited by Pendle and Poll (1993) change dramatically when the estimated 
amounts of uncollected used motor oil are included in HHW estimations — increasing 
from 15-20,000 tonnes to 50,000 tonnes per year. More recent studies, such as the 
Scottish Environment Protection Agency/Save Waste and Prosper Ltd. (SEPA/SWAP) 
Priority Waste Stream Project for Household Hazardous Waste and the Welsh 
Assembly report 'The Composition of Municipal Solid Waste in Wales' also provide 
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UK HHW quantity estimates (Poll 2003; Stevens 2003). The amounts derived 
correspond to approximately 1% of the municipal waste stream and thus provide 
support for the proportions estimated by Reinhart (1993). The Welsh Assembly report 
considers lead acid batteries and oil as representing 1% of MSW, rising to 3% with the 
inclusion of waste electrical and electronic equipment. Further work by Poll (2004) 
suggests a HHW proportion of 0.1-0.5%, with WEEE accounting for a further 0.8-
1.1%, based on household waste generation quantities and varying due to house type 
and season. Burnley et al. (2006) estimate that 0.8% of MSW generated in Wales is 
potentially hazardous and a further 2% can be considered to be WEEE. Further 
breakdowns based upon disposal pathways are also supplied, showing that most HHW, 
excluding WEEE, is disposed of to civic amenity sites. WEEE, however, is one of the 
dominant fractions of bulky waste collections. Overall, all studies estimate HHW 
production to fall within the range of 0-1% of the 30 million tonnes of MSW produced 
annually in the UK (Department for Environment, Food and Rural Affairs 2002), 
excluding WEEE/CFC—containing wastes. 
Although HHW represents a small fraction of total household waste, and an even 
smaller amount of total MSW, the range and types of hazardous substances used in 
households have the potential to cause problems on disposal, particularly to the aquatic 
environment. In this chapter, details of individual group categories comprising HHW 
are outlined, highlighting substances of environmental and public health concern, to 
facilitate understanding of the problems associated with disposal in the UK. 
Quantification of each category of HHW is sought to clarify the scale of potential 
concern. The HHW products discussed are grouped according to function or use as 
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described in the European Waste Catalogue (EWC), providing a possible structure for 
future HHW definition. Unless otherwise stated, sources and quantities refer to the UK. 
3.1 	Groups of hazardous components 
Attempts to quantify and characterize HHW have often proved to be difficult (Pendle 
and Poll 1993; Reinhart 1993). One such problem has concerned the complexity of 
separating each hazardous product from the general waste stream for individual group 
quantification; this has restricted many researchers to comparisons of cumulative 
hazardous content to non-hazardous MSW (Reinhart 1993). Deriving HHW estimates 
from sales figures of potentially hazardous products is frequently hindered by data 
protection, with certain sales data unavailable to the public domain. Characterisation is 
also fraught with complications arising from the different classification systems used 
for HHW (European Commission 2000; National Household Hazardous Waste Forum 
1999). The classification scheme offered by the EU through the EWC, whilst the most 
noteworthy of the definitions, does not necessarily encompass all potentially hazardous 
waste within households (Table 2.4) (European Commission 2000; European 
Commission 2001a; European Commission 2001b; European Council 2001). Other 
products not listed in the EWC will also be reviewed here and their relevance assessed 
(Table 3.1). All data here and in subsequent chapters are sourced from peer-reviewed 
press or other reliable published material. Where it has not been possible to obtain 
relevant data from such sources, information from secondary sources such as market 
research organisations and validated websites has been sought. 
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*Disposal of untreated air pollution control (APC) residues to landfill is prevented under the auspices of 
the Landfill Directive and the development of treatments that meet the requirements of Decision 
2003/33/EC is required before disposal. 
Figure 3.1: Household hazardous waste is predominantly disposed of to landfill. 
Alternative means of management, such as disposal to sewer, incineration or through 
recycling, all contribute fractions of waste to landfill. 
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Table 3.1: Potentially hazardous material not included in European Waste Catalogue 
(European Commission 2000). 
Product Purpose 	Reason 
Plastics & Packaging 	Health hazards associated with plasticizers. 
Aerosols 	 Included in previous EWCs - now omitted. 
Personal Care Products 	Contain a variety of chemicals and even heavy 
metals. 
Medical Equipment 	Non-medicinal equipment such as syringes are 
obvious hazards. 
POM, P and GSL Medicines Extensive use in households and hence disposal 
within MSW. Cytotoxic and cytostatic medicines are 
considered to be hazardous, potentially including 
antibiotics and antiseptics. 
Vet/Pet Care Products 	Medicinal and non-medicinal wastes. 
3.1.1 Photochemicals 
Photochemicals are the first true products listed in the EWC. It can be supposed that 
disposal to sewer is the predominant disposal route of the liquid chemicals used in 
home developing and printing by amateur photographers (National Household 
Hazardous Waste Forum 1999). However, waste packaging, discarded as MSW, might 
conceivably contain some liquids and so be worthy of consideration. Many of the 
ingredients in hobby photographer liquid products are classified under the UK 
Chemicals (Hazards Information and Packaging for Supply) Regulations 2002 (CHIP3) 
(Statutory Instrument 2002d), as described by the Approved Supply List (Health & 
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Safety Commission 2002). Most of the hazardous substances are solvents, some of 
which are toxic (Devillers et al. 2003; Staples and Davis 2002). Table 3.2 lists the 
common ingredients used in photographic developer and fixer fluids, together with the 
hazardous status of the chemical. 
The volumes of waste from amateur photographic use are generally not recorded and 
therefore the importance of this hazardous waste stream in landfill/sewage treatment is 
unknown. However, the Department for Environment, Transport and the Regions 
(DETR) (Department for Environment, Transport and the Regions 1999) estimated 
photochemical waste arisings in England and Wales to be in the region of 272 tonnes 
per year, with most of this being disposed via refuse collection. It is unclear whether 
this figure corresponds to household waste, non-household municipal waste (small 
photographic shops, colleges etc.) or a combination of both. No estimate is available 
for disposal to sewer (Department for Environment, Transport and the Regions 1999). 
3.1.2 Pesticides 
It has been reported that pesticides and biocides together represent over 7% of the 1-11-1W 
produced in England and Wales, the equivalent of 18,000 tonnes of waste per annum 
(Department for Environment, Transport and the Regions 1999; Gendebien et al. 2002). 
The herbicide mecoprop is particularly associated with the domestic market. The extensive 
legislation in all Organization for Economic Cooperation and Development (OECD) 
countries concerning pesticide use, represented in England and Wales by the Food and 
Environment Act 1985 and the Control of Pesticides Regulations 1986, amended 1997, has 
led to the registration of pesticides and control measures to ascertain correct application 
(see Table 2.2). This has also resulted in the collation of sales figures, enabling estimates 
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to be made of annual household uptake (Table 3.3). Such figures indicate the rapid 
growth of household/garden pesticide use in the UK (Crop Protection Association 2002; 
Weaver 1999) which itself suggests an increase in waste disposal of unused, unwanted or 
out-of-date products. 
Table 3.2: Photochemical components contributing to hazardous classification, adapted 
from material data sheets (Jessops 2003). 
Photochemicals 	 Primary use 	Hazard as Risk Phrase* 
82 
Acetic acid 
Diethylene glycol 
Ethylenediaminetetracetic 
acid (EDTA) 
Formaldehyde 
Hydroquinone 
Methanol 
Monoethylene glycol 
Phenol 
Potassium carbonate 
Potassium hydroxide 
Silver bromide 
Silver chloride 
Sodium sulphite  
Stop bath 
First developer 
Bleach fix 
Stabilizer 
Developer 
Stabilizer 
Developer replenisher 
Liquid emulsion 
First developer 
Developer 
Liquid emulsion 
Liquid emulsion 
Developer  
R: 10-35 
R: 22 
R: 36-52/53 
R: 23/24/25-34-40-43 
R: 22-40-41-43-50-68 
R: 11-23/24/25-39/23/24/25 
R: 22 
R: 24/25-34 
R: 36/37/38 
R: 22-35 
No R Phrase/RTECS 
No R Phrase 
R: 31-36/37/38 
* Risk phrase description provided in Appendix B and discussed in Chapter 2. 
Table 3.3: Domestic sales of household/garden pesticides in the UK (Crop Protection 
Association 2002). 
1990 1997 1998 1999 2000 2001 
Sales /tonnes 213 2014 1887 3120 4307 4893 
Sales /£m 15 23.8 27.9 25.9 34.6 32.1 
% of total pesticide 
sales 
0.9 5.6 6.7 6.5 9.7 8.9 
According to the UK Pesticides Safety Directorate (PSD) (2002a), over 60 active 
pesticide compounds are used in proprietary products for amateur use, many of which 
have been identified in MSW leachate (Baun et al. 2004; Kjeldsen 1993; Kjeldsen et al. 
2002; Schultz and Kjeldsen 1986; Yasuhara et al. 1997). The latest stages of the 
European Commission review programme for pesticides covered by Directive 
91/414/EEC (European Council 1991e) highlighted 45 active pesticide substances used 
in amateur and professional situations currently approved for use by the PSD in the UK 
(Pesticides Safety Directorate 2002b) and 320 substances on a Europe-wide scale 
(European Commission 2002) as having potentially harmful side effects. Of these, 31 
substances were withdrawn in July 2003, catching 80 amateur products. This reflects 
ongoing research into the environmental and health effects of pesticide use in domestic 
settings. 	Current research has identified a variety of such risks, including 
carcinogenicity (Grey 1999; Health and Safety Executive 2002a; Ma et al. 2002), 
endocrine disruption (Baatrup and Junge 2001; Hayes et al. 2002; Hewitt and Servos 
2001; Klotz et al. 1996) and aquatic ecotoxicity (Alloway and Ayres 1997; Pendle and 
Poll 1993). Table 3.4 demonstrates some of the hazards recognized under EC 
Directive 67/548/EEC, replaced by EC Directive 2001/59/EC, as discussed in Chapter 
2. 
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Table 3.4: Pesticides licensed for amateur use and their hazardous properties. 
Pesticide Function Approx. 
product no.* 
Risk (R) Phrase# 
Atrazine Herbicide 9 R: 48/22-43-50-53 
Bendiocarb Insecticide 22 R: 23/25- 21- 50- 
53 
Benzalkonium chloride Fungicide/bactericide 3 R: 21/22-34-50 
Bifenthrin Insecticide/acaricide 25 R: 25-50/53 
Bioallethrin Insecticide No data R: 20/22-50/53 
Boric acid Fungicide 1 R: 62-63 
Carbendazim Fungicide 8 R: 46-60-61-50/53 
Copper-based products Fungicide/algaecide/ 38 R: 22-36/37/38- 
insecticide/molluscicide 41-50/53 
Cypermethrin Insecticide 1 R: 22-37/38-43- 
50/53 
2,4-D Herbicide 113 R: 22-36/37/38 
Dicamba Herbicide 40 R: 22-41-50-53 
Dichlofluanid Fungicide No data R: 20-36-43-50/53 
Dichlorprop Herbicide 87 R: 21/22-38-41 
Dichlorvos Insecticide No data R: 24/25-26-40- 
43-50 
Difenacoum Rodenticide 16 R: 26/27/28-48/25 
Diuron Herbicide 14 R: 22-40-48/22- 
50/53 
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Table 3.4 — (continued) 
Pesticide Function Approx. 
product no.* 
Risk (R) Phrase# 
Fatty acids Insecticide/Herbicide 69 No data 
Ferrous sulphate Fungicide/Herbicide 113 R 22 
Glyphosate Herbicide 54 R: 41-51-53 
MCPA Herbicide 81 R: 22-38-41 
Mecoprop/mecoprop-p Herbicide 81 R: 22-38-41 
Metaldehyde Molluscicide 27 R: 10-22 
Permethrin Insecticide No data R: 20/22-43-50/53 
Propiconazole Fungicide 4 R: 22-41-50/53 
Pyrethrins Insecticide 76 R: 20/21/22-50-53 
Simazine Herbicide 21 R: 40-50/53 
Sodium chlorate Herbicide 27 R: 9-23-25-34- 
51/53 
Tetramethrin Insecticide No data R: 36-37-38 
3-iodo-2-propynyl-n- 
butyl carbamate 
Fungicide No data R20/22, R41, R50 
Zinc products Rodenticide/Fungicide No data R: 50-53 
*Approximate number of products registered for amateur use as plant protection 
products in 2003 (Health and Safety Executive 2002b). 
#Risk Phrases described in full in Appendix B. 
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3.1.3 Mercury-containing wastes 
Fluorescent tubes dominate the mercury-containing waste component of HHW. It is 
estimated that a total of 80 million fluorescent lamps are disposed of in the UK each 
year, whilst only a fraction of these are recycled/undergo mercury extraction (O'Leary 
2003). Approximately 10 million units or 2,000 tonnes can be expected to derive from 
household sources (Industry Council for Electronic Equipment Recycling 2005), 
representing about 90% of the 11 million units sold to the UK domestic market 
(Gendebien et al. 2002). Further information relating to UK household lighting habits 
proposes that each household owns 21.6 lamps, of which 3% have been estimated to be 
compact fluorescent lamps and 7.4% as fluorescent lamps (Market Transformation 
Programme 2005). It has been suggested that the domestic market represents 20% of 
total fluorescent lamps disposed (Clear and Berman 1994). 
Fluorescent lamp waste contains the most significant amounts of mercury since 
legislative and voluntary measures were adopted to restrict mercury use in primary 
batteries for the consumer market (European Council 1991d; Levy and Bro 1994). For 
instance, Raposo and Roeser (2001) estimate that the 48.5 million mercury-containing 
lamps produced in Brazil each year lead to the generation of 1000kg of mercury waste 
on disposal per year. Table 3.5 provides estimates of the amount of mercury found in a 
range of fluorescent lamps. Modern fluorescent lamps, particularly the straight tube 
type, contain less mercury than equivalent lamps manufactured thirty years ago 
(Raposo et al. 2003). Increasing use of the energy-saving compact fluorescent lamps 
in households, seen as a "green" replacement to mercury-free incandescent filament 
lamps, introduces the increased likelihood of mercury-containing waste entering 
disposal streams to MSW landfill. 	However, recent developments in the 
86 
manufacturing process may mean that mercury-levels in some fluorescent lamps are 
below threshold levels (Luckin 2006). 
Other sources of mercury include dental amalgam, stockpiled paints, mercury 
thermometers and barometers. Mercury, particularly methylated and alkyl forms, pose 
a number of health risks including neurotoxicity and genetic damage (Alloway and 
Ayres 1997; Ehrenstein et al. 2002; Hess 2002). An analysis of the components of 
general Canadian household waste, such as lawn clippings and paper, revealed low 
level background concentrations of mercury (Hasselriis and Licata 1996). 
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Table 3.5: Mercury content of fluorescent lamps (after Clear and Berman (1993), 
Raposo et al. (2003) and Industry Council for Electronic Equipment Recycling (2005)). 
Lamp type 	 Mercury 	Comments 
content per 
lamp (mg) 
Linear (F32T8) - 32W 
	
30 	All linear lamps;- , 0.2% elemental Hg; 
99.8% divalent Hg in phosphorus powder 
Modern F20T12 equivalent has 20mg 
rather than 41mg of Hg 
z 40w incandescent lamp 
z 60w incandescent lamp 
•,-,' 75w incandescent lamp 
Linear (F40T12) — 40W 	41 
9W compact fluorescent 	5 - 7.5 
13W compact fluorescent 5 - 7.5 
18W compact fluorescent 9 
Hg vapour 400W 	75 
Metal halide 400W 	60 
High-pressure sodium 	20 - 25 
400W 
Incandescent/halogen/low- 0 
pressure sodium 
No mercury content alternatives 
3.1.4 Discarded CFC-containing equipment 
Discarded CFC-containing equipment applies to pre-Montreal Protocol (United 
Nations Environment Programme 1987) products as usage of chlorofluorocarbons 
(CFCs) in refrigerators, air-conditioning and aerosols has been phased out. New 
domestic refrigerators have used the hydrofluorocarbon HFC-134a as a replacement 
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refrigerant for the ozone-depleting CFC-12 (dichlorodifluoromethane) since about 
1994. As such, new equipment can be expected to possess reduced ozone depleting 
potential compared to pre-Protocol waste (Hayman and Derwent 1997; Molina and 
Rowland 1974). However, such replacements are often more harmful or toxic or even 
found to be more ozone destructive than first thought (Dekant 1996; Lind et al. 1995). 
This is demonstrated by the use of the hydrochlorofluorocarbons (HCFCs) HCFC-141b 
and HCFC-142b as replacement foam blowing agents for ozone-depleting CFC-11. 
HCFCs also possess ozone-depleting properties and hence the 1992 Copenhagen 
Amendment to the 1987 Protocol phased out the use of HCFCs (Solomon and 
Albritton 1992; United Nations Environment Programme 1992). The Kyoto Protocol 
(United Nations Environment Programme 1997) further impacts upon fridge/freezer 
composition by restricting the use of greenhouse gases, including the CFC-replacement 
hydrofluorocarbons (HFCs) which possess a greenhouse potential of between 2,500 — 
12,000 relative to the carbon dioxide potential of one (March Consulting Group 1998). 
Fridges and freezers of more recent origin are more likely to contain hydrocarbon 
refrigerants (e.g. HC600a) and blowing agents (Table 3.6). Other potential sources of 
ozone depleting substances such as fire extinguishers, have similarly been subjected to 
the rigours of the Montreal Protocol, resulting in the replacment of halon gases with 
various hydrocarbons. However, fire extinguishers and items such as air conditioning 
units will not be generated in significant quantities from UK households, unlike 
aerosol-based products. 
Refrigerator/freezer units have an average life-span of 8-12 years. Disposal of CFC-
containing units is therefore ongoing. With 30 million domestic refrigerators and 
freezers in the UK and a national disposal rate of 3 million units a year, 4,500 tonnes of 
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CFCs need to be disposed of safely (Department for Environment, Food and Rural 
Affairs 2006a; Department of the Environment 1992). EU legislation regulates the 
disposal of products containing ozone depleting substances, including household 
equipment (European Parliament and Council 2000c). Separate collection of waste 
refrigerators and other household waste containing CFCs such as halon-1211-
containing portable fire extinguishers, removal of CFC-containing liquid refrigerant 
and foam insulation, and appropriate destruction/recycling are required of all EU 
Member States. It has been estimated that upwards of 47% of fridge CFCs have been 
recovered in the UK in recent years. Discarded CFC-containing equipment also falls 
within the scope of the Waste Electronic and Electrical Equipment Directive (European 
Parliament and Council 2002b). As such, it is one of the more heavily regulated 
components of HHW appearing in the EWC. 
Falling under the scope of the Montreal Protocol and the various implementing EU 
Decisions (European Council 1988b; European Council 1991f; European Council 
1994c) concerning the production of halogenated hydrocarbons, aerosol containers are 
no longer listed as a separate hazardous waste group in the EWC. Yet a study by the 
UK Department for Environment, Transport and the Regions (Department for 
Environment, Transport and the Regions 1999) identified aerosol canisters as the main 
component of HHW, with over 65,000 tonnes per annum (26% of all HHW for 
England and Wales) produced. Prior to the Protocol in 1986, the level of CFC 
consumption for the production of aerosols was over 36,000 tonnes per year in the UK 
alone: by 1995, this had fallen to 995 tonnes per year (Department of the Environment 
1996). Metered dose inhalers are the only CFC-containing aerosols now permitted 
under the Montreal Protocol: alternative propellants and solvents have been utilized 
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alongside new product and packaging designs for all other pharmaceutical and personal 
care products (Table 3.6). It should be noted that stockpiled products may continue to 
be disposed of but very few will contain significant amounts of ozone depleting 
substances, as loss through use or leakage during storage will be high. The solvent 
content of aerosols is now classified under the solvent category of the EWC and 
provides a significant contribution to the solvent content of HHW. 
Table 3.6: Ozone-depleting properties of fridges, freezers and other CFC-containing 
equipment (Butler and Rowley 2002; Department for Environment, Food and Rural 
Affairs 2006a). Many ozom-,-depleters are non-toxic but do possess a risk phase, R 59, 
recognizing that they are "dangerous to the ozone layer". 
Product type 	CFC-content Replacement comments 
Fridges/freezers 	CFC-11 	HCFCs 
CFC-12 	Greenhouse gas HFC-134a and later 
hydrocarbon HC-600a (propane/butane) 
HCFC-14 lb / HC-600a (propane/butane mixture) 
HCFC-142b 
Fire extinguishers 	Halon-1211 	Water; foam; CO2; dry powder; inert gases 
Halon-1301 	(nitrogen, argon, various mixtures); HFCs; 
Halon-2402 	PFCs; fine particulates 
Aerosol containers CFC-11 	Liquid petroleum gas; dimethyl ether; HFC- 
134a/152a; compressed air/nitrogen; CO2 
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3.1.5 Non-edible oil and fat 
Waste vehicle engine oil is the principle component of the non-edible oil and fat 
section of the EWC. Whilst virgin engine oil contains either a mineral, synthetic or 
semi-synthetic base of saturated hydrocarbons with performance additives 
(detergent/dispersant additives, rust/corrosion inhibitors, antioxidants, anti-wear 
additives, and viscosity modifers), the content of waste oil is further enhanced by a 
variety of contaminants, many with acidic properties, derived from use (Beraud 1997; 
Dyke et al. 1997; Hewstone 1994; Lulek 1998; Mukerjee 1998). Table 3.7 lists 
common base additives. A number of these contaminants have the potential to affect 
artificial landfill liners (Barrett Jr. and Stessel 1999). 
It has been estimated that less than 45% of available waste mineral oil was collected 
globally in 1995, with the remaining 55% either misused or discarded by the end user 
(El-Fadel and Khoury 2001). In the USA, it has been reported that almost 40% of used 
lubricating oil was commonly disposed of to landfill or similar, with 6% re-refined and 
the rest burnt for energy as recovered fuel oil (Wentz and Basler 1991). Peaslee and 
Roberts (1997) reported that of the 425 million used automotive oil filters (containing 
upwards of 68,000 tonnes of used oil) discarded each year in the US, 85% were 
landfilled. This is probably a result of the 1992 exemption of oil filters from hazardous 
waste control by the US-EPA (Peaslee and Roberts 1997). In the UK, an estimated 
65% of the 249,488 tonnes of lubricant oil consumed by gasoline and diesel vehicles in 
1999 was recoverable and yet only a fraction was collected (Department for 
Environment, Food and Rural Affairs 2001). Oils are considered to represent 15% of 
total collected HHW arisings, an estimated amount of 37,925 tonnes (Department for 
Environment, Transport and the Regions 1999). Pendle and Poll (1993) suggest that 
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30,000 tonnes of used motor oil from do-it-yourself (DIY) enthusiasts remains 
uncollected. The Oil Care Campaign estimates that 50,000 tonnes of lubricating oil are 
sold to DIY motorists each year, with 30-40,000 tonnes available for collection, 
leaving 10-20,000 tonnes unaccounted for (Save Waste and Prosper Ltd 1998). Spent 
filters removed by the DIY sector could account for a further 1,140 tonnes of oil 
landfilled each year (Save Waste and Prosper Ltd 1997). Generally, as with all MSW 
groups listed in the EWC, actual amounts disposed of are far from clear. However, 
recent years have seen the development of more advanced engine oils that require 
changing less frequently and may ultimately lead to a reduction in the amount of oil 
used. As car engines become more complicated, it is also increasingly unlikely that 
householders will carry out oil changes, preferring the services of a garage. 
Changes to European waste legislation with the introduction of the Waste Incineration 
Directive (WID) will have consequences for waste oil disposal (European Parliament 
and Council 2000a). Presently, the biggest market for waste oil is "re-use" as a support 
fuel in a variety of combustion processes. However, by 2006, the co-incineration of 
such fuels will fall under the provisions of WID and may restrict such uses (European 
Parliament and Council 2000a). Re-refining to lube oil is one option, with 
improvements in technology aiding in the removal of oil additives/contaminants to 
improve final waste oil quality (Wentz and Basler 1991). 
Other vehicle maintenance lubricants and greases also fall into the non-edible oil and 
fat group (National Household Hazardous Waste Forum 1999). As mixtures of 
hydrocarbons and solvents, they often demonstrate a number of harmful properties 
analogous to those of waste engine oil (Table 3.7). 
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Table 3.7: Composition of main oil types comprising hazardous waste (Castrol Global 
2005). 
Oil type Additives to base* Proportion R-Phrase 
Engine mineral oil Zinc dialkyl dithiophosphate 1-5% R: 36/38 
Engine semi- Alkylated phenol 5-10% R: 53 
synthetic oil Phosphorodithioic acid 0.1-1% R: 38-41-51/53 
Engine synthetic oil Phosphorodithioic acid 1-5% R: 38-41-51/53 
(polyol ester base) Calcium sulphonate 1-5% No data 
Zinc dialkyl dithiophosphate 1-5% R: 36/38 
Gear oil — mineral & Zinc dialkyl dithiophosphate 1-5% R: 36/38 
gear oil — synthetic Poly-alpha-olefin (sulphide) 1-5% R: 53 
Phosphoric acid, amine salt 1-5% R: 51/53 
Transmission oil Sulphur phosphorous base No data R: 11-36 
Grease Lithium complex thickeners No data No data 
synthetic/mineral oil Molybdenum disulphide No data No data# 
base Triethylene glycol 1-5% R: 41 
Dicyclohexylamine 0.1-1% R: 22-34-50/53 
Water-proof grease Calcium compounds No data No data 
*Base considered to be highly refined mineral oil, synthetic base stock, or combination 
of mineral and synthetic (semi-synthetic). 
# Although entry exists in RTECS (Registry of Toxic Effects of Chemical Substances) 
(National Institute for Occupational Safety and Health 2005). 
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3.1.6 Paint, inks, resins and adhesives 
The solvent content of gloss paint forms the dominant hazardous or dangerous 
substances described by the EWC listing. Much has been written concerning the 
hazardous properties of solvents, including xylene and toluene, commonly found in 
gloss or oil paints (Abelson P. H. 1993; Bolognesi et al. 2001; Maronpot et al. 1995; 
Nestmann et al. 1981; Roncancio and de Dulce 1997; van Veen et al. 2002). Other 
potentially harmful ingredients, including pigments, fungicides, preservatives and flow 
moderators, occur in both gloss and emulsion paint varieties (Bentley and Turner 1998; 
Birchenough et al. 2002; Buckley et al. 1995; Harper 1991; Moller and Wallin 2000; 
Robinson 1995; Rojas et al. 2000; Sunderland and Chmura 2000; Taha et al. 1999; 
Voulvoulis et al. 2000). Table 3.8 lists some of the key hazardous ingredients of paint. 
Quantification attempts have often combined the solvent- and water-based paints. The 
estimated market for all DIY and trade paint in the UK is in the region of 300-550 
million litres per year (Anon. 1999; Gendebien et al. 2002; Hunt 1999), with a large 
proportion of purchased DIY paint, an estimated 37.5 million litres, remaining unused 
(Gendebien et al. 2002; National Household Hazardous Waste Forum 1996). An 
average of 17 part-used paint containers have been reported to be stored by 
householders (Kerrell et al. 1991). Eventual disposal as HHW yields over 40,000 
tonnes a year in England and Wales, an estimated 17% of all total HHW arisings 
(Department for Environment, Transport and the Regions 1999). Disposal to sewer 
from households occurs irrespective of manufacturers advice: lack of information on 
alternative disposal/recycling initiatives results in co-disposal with MSW in unaltered 
form (Anon. 1993; Feledy and Antonucci 1981; Nehdi and Sumner 1993). The 
amounts of adhesives, resins and inks discarded may be considered to be lower than 
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paint due to differences in the quantities purchased and used, although the rapid growth 
of computer technology has seen an increase in the number of ink cartridges discarded. 
Table 3.8: Common ingredients of emulsion and gloss paints (ICI Dulux 2005). 
Paint type Frequently used ingredients Proportion R-Phrase 
Emulsion Diethylene/ethylene/propylene 
glycol 
0-5% R: 22 
Titanium dioxide 1-30% No data* 
Vinyl acrylic latex polymer 0-30% No data 
Texanol 1-5% No data* 
Nepheline syenite 5-20% N/a 
Aluminium hydroxide 0-5% R: 36-37-38 
Propanediol (various) 2.5-10% No data* 
Surfactant/s (various) <2.5-10% No data 
Dichlofluanid <2.5% R: 	20-36-43- 
50/53 
Gloss Naphtha (heavy/light/hydrotreated) <1-50% R: 10-50/53-65- 
(standard) 66 
Xylene 1-5% R: 10-20/21-38 
Toluene 5-10% R: 11-20 
Acetone / butane / propane 10-30% R: 11-12-36- 
66-67 
Ethylbenzene <1% R: 11-20 
1-methoxypropan-2-ol 1-2.5% R: 11-36-37-38 
*Entry in RTECS (National Institute for Occupational Safety and Health 2005). 
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3.1.7 Detergents 
Household use of detergents is widespread, ranging from personal care (see below) to 
car maintenance and laundry washing. The key ingredient of detergents, surfactant, is 
also a common additive to engine oil and paint, among other products. Detergent use 
has increased significantly since the 1940s, gradually replacing soap products based 
upon triglyceride or oil/fat (Davidsohn and Milwidsky 1987; Woollat 1985). Saouter 
et al. (2001) reported that 82% of detergent use arises from household cleaning 
products. Detergent use across Europe is considered to be equivalent to 10 
kg/person/year (Fox et al. 2002). Estimates in the early 1990s suggested that detergent 
use in the UK was in excess of 1,400,000 tonnes per year, of which fabric washing 
products represented the dominant proportion of 43% followed by surface cleaning 
products at 23% (Department of the Environment 1994). However, it can be supposed 
that the majority of detergent waste will be disposed of via the sewage drain rather than 
as municipal solid waste. 
Detergent products contain a number of active ingredient types; these are principally 
anionic and nonionic surfactants with added inorganic ingredients to improve 
performance (Table 3.9). A number of these key ingredients have been withdrawn 
over the years, including nonylphenol ethoxylates, due to toxicity of breakdown 
products or, in the case of alkylbenzene sulphonate (ABS), through evidence of 
environmental persistency (Kissa 1987; Steber and Wierich 1987). The builder sodium 
tripolyphosphate (STPP) has been the subject of much concern due to high levels of 
phosphate associated with eutrophication of surface waters (Gledhill and Feijtel 1992; 
Gleisberg 1992; Jaworska et al. 2002). Alternative builders have been developed, of 
which zeolites are the most successful, but few possess the range of detergent 
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properties exhibited by STPP. Bleach and fabric softener, a cationic surfactant, are 
often added to improve stain removal and fabric condition. A number of other 
substances, not listed in Table 3.9, occur in small concentrations in many detergents 
and include anti-redeposition agent, soil release agent, blueing agent, colourant, 
general buffer (if separate to builder), corrosion inhibitor (silicates and zinc 
compounds), anti-static agent, starch and foaming control agent. Not all detergents 
however are incorporated into the EWC as 'dangerous': biodegradability is an 
important determinant (Davidsohn and Milwidsky 1987; Scott and Jones 2000; Steber 
and Berger 1995). Guidance regarding the biodegradability of surfactants is provided 
in EU Regulation No. 648/2004 (European Parliament and Council 2004c). Aquatic 
toxicity and the endocrine disrupting capability of surfactants and other ingredients are 
also considerations for hazard classification (Department of the Environment 1994; 
Jobling and Sumpter 1991; Sonnenschein and Soto 1998; White et al. 1997). 
Table 3.9: Key components of detergents available to the domestic market (National 
Institutes of Health 2005; SPAR 2005). 
Detergent ingredient Specific examples 	 Potential content 
Surfactant 
Builder 
Bleach 
Linear alkylbenzene sulphonate 
Nonyl phenol ethoxylate* 
Sodium tripolyphosphate 
Zeolites A, X, P; sodolite, etc. 
Nitrilotriacetic acid (NTA)* 
Ethylene diamine tetracetic acid 
(EDTA)* 
Sodium perborate (sodium borate) 
Sodium hypochlorite 
Tetra acetyl ethylene diamine (TAED) 
5-40 % 
20-50 % 
0-15 % 
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Table 3.9 — (continued) 
Detergent ingredient Specific examples 	 Potential content 
Enzyme 
Fluorescer 
Fabric softener 
Anti-microbials 
Perfume 
Alkalinity agent 
Insoluble inorganic 
filler 
Solvent 
Proteases (various), amylase, cellulase 	<5 % 
Fluorescent whitening agents (FWA) 	<2 % 
e.g. diamino-stilbene disulphonic acid 
Optical brightening agents 
Quaternary ammonium salts 	 <5 % 
Di(hardened tallow) dimethyl 
ammonium chloride (DHTDMAC)* 
Triclosan, bacteriostats, bacteriocides, 	0-1 % 
germicides etc 
Polycyclic musks (HHCB and AHTN)* 0.1-0.2 % 
Nitro-musks (musk xylene and musk 
ketone)* 
Limonene 
Sodium carbonate 	 10-25 % 
Trisodium phosphate 
Sodium metasilicate 
Sodium silicate 	 5-20 % 
Pine oil 	 <5 % 
Chlorinated solvent 
Hydrocarbon solvent (alcohols, glycols, 
glycol ethers) 
*Phased-out, voluntarily/legally withdrawn due to concerns over toxicity, persistence 
and bioaccumulation. 
3.1.8 Pharmaceuticals 
Pharmaceuticals are not classified as hazardous in the EWC unless they possess 
cytostatic or cytotoxic properties. Such substances are used predominantly in the 
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treatment of cancer and hence occur within households at controlled levels, and will 
generally be absent from MSW. At present it appears that no intention exists to 
classify all pharmaceuticals (prescription-only (POM), pharmacy available (P) and 
general sales list (GSL) medicines) as hazardous in the EU as their ubiquitous use 
would render this process difficult. Likewise, the control of consumer disposal of 
these products would be problematic and so is likely to be excluded. A similar 
situation exists in the USA where consumer disposal of such products is generally 
unregulated but complicated by the Resource Conservation and Recovery Act (RCRA) 
listing of certain GSL substances as hazardous (Daughton 2003; United States Federal 
Code 1965; United States Federal Code 1976a). 
An array of POM, P and GSL products are now listed as contaminants of water sources 
in various countries as a result of failure of sewage treatment removal, as first recorded 
by Garrison et al. (1976) with the discovery of clofibric acid in sewage effluent. An 
increasing number of leachate studies are investigating pharmaceutical release from 
landfill (Ahel et al. 1998; Ahel and Jelicic 2001; Eckel et al. 1993; Kjeldsen et al. 
2002; Oman and Rosqvist 1999; Schwarzbauer et al. 2002). The amounts of 
pharmaceuticals released into the waste stream are dependent on a number of factors 
including volumes manufactured, dosage frequency and amount, shelf life, extent of 
metabolism of active substances, solid sorption coefficients and decomposition rates 
during sewage treatment/landfilling (Daughton and Temes 1999). Vast amounts of 
POMs and GSLs are manufactured and used each year. Jones and co-workers (Jones et 
al. 2002) reported the total prescribed weight of 25 of the most common prescription 
drugs in England for the year 2000. They reported that almost four tonnes of 
paracetamol alone was prescribed and the GSL route is likely to be far greater (Jones et 
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al. 2002). Table 3.10 shows the prescription figures per therapeutic group, together 
with the main active pharmaceuticals in each category. Across all therapeutic 
categories, 617 million prescriptions items were dispensed in England during 2002 
rising to 674.9 million items in the period April 2004-March 2005 (Department of 
Health 2005). It can therefore be assumed that a proportion of these sales remain 
unused and go ultimately to MSW landfill (Bosch 1998). It has been reported that in 
Germany and Austria about 25% of the remnant household pharmaceutical waste is 
disposed of to MSW (Kummerer 2001; Sattelberger 1999). Added to this is the 
sorption of metabolized and/or untransformed substances onto sewage sludge 
(Daughton and Ternes 1999) during wastewater treatment, with the sludge then being 
applied to agricultural land or disposed of to landfill, e.g. lipophilic drugs such as oral 
contraceptives are readily sorbed onto sludge during wastewater treatment. 
Some veterinary drugs also contain potentially harmful substances. Treatments for 
fleas and ticks, using pharmacueticals such as fipronil and propoxur, are often 
discarded as MSW when infestation ceases or from out-of-date stockpiles. 
Approaching half of all UK animal medicine sales, which totalled almost £390 million 
in 2002, are for companion animals, suggesting a significant waste stream (National 
Office of Animal Health 2003). 
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Table 3.10: Amount of prescriptions issued in England 2004, with common active 
ingredients (Information Centre 2005). Does not include P or GSL sales. 
Therapeutic 	 Prescription Common pharmaceuticals 
classification 	 items 
(`000s) 
Gastro-intestinal 	51,142 	Ranitidine HC1, Omaprazole, 
Pantoprazole, Loperamide HC1 
Cardiovascular 	200,598 	Digoxin, Bendroflumethiazide, 
Furosemide, Atenolol, Lisinopril, 
Ramipril, Warfarin, Aspirin, statins 
Respiratory 	 50,794 	Salbutamol, Salmeterol, Cetirizine HC1, 
Beclometasone, Loratadine 
Central nervous system 	121,921 	Nitrazepam, Temazepam, Zopiclone, 
Olanzapine, Citalopram HBr, Codeine, 
Paracetamol, Fluoxetine HC1 
Infections 	 41,514 	Phenoxymethylpenicillin, Amoxicillin, 
Flucloxacillin, Erythromycin 
Endocrine 	 54,199 	Insulin, Metformin HC1, Oestrogens (var) 
Obstetrics, gynaecological 16,173 	Clotrimazole, Tamsulosin, Tolterodine 
& urinary tract 	 tartrate, Cialis, Ethinylestradiol (var) 
Muscularskeletal & joints 29,632 	Diclofenac Na, Ibuprofen, Melaxicam, 
Naproxen, Allopurinol 
Nuitrition & blood 	21,197 	Ferrous sulphate, Folic acid 
Skin 	 35,036 	Betamethasone valerate, Clotrimazole, 
Clobetasone, Fusidic acid 
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Table 3.10 — (continued) 
Therapeutic 	 Prescription Common pharmaceuticals 
classification 	 items 
(`000s) 
Malignant disease & 
immunosuppression 
3,991 	Alkylating (Chlorambucil), Cytotoxic 
antibiotics (Actinomycin D), 
Antimetabolites (Fluorouracil), 
Antineoplastic (Hydroxycarbamide), 
Azathioprine, Ciclosporin, Hormones (var. 
incl. oestrogens & progestogens) 
3.1.9 Batteries 
Primary batteries form the bulk of the battery waste from domestic sources. Consumer 
primary battery sales represent 84% of total battery sales, which equates to world-wide 
sales of 7.5 billion cells per year (Wiaux and Waefler 1995). Secondary batteries, or 
accumulators, are used extensively in industry although lead-acid vehicle batteries 
changed by DIY enthusiasts/unregulated garages and nickel-cadmium rechargeables 
provide a domestic source. Table 3.11 indicates the likely composition of each battery 
category. The EU Batteries Directive aims to reduce the amount of heavy metals, 
mercury, cadmium and lead, from both batteries and accumulators, whilst specifying 
the labelling and separate collection of such cells (European Council 1991d; Genest 
1995). A new European Battery Directive has been proposed but delayed due to the 
potential ban on cadmium batteries (European Commission 2003a). According to the 
British Battery Manufacturers Association, batteries represent less than 0.1% of MSW 
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in the UK (Duke 2003), although when considered as a proportion of HHW this figure 
rises to 6% or 14% when lead-acid car batteries are added (Department for 
Environment, Transport and the Regions 1999). 
Mercury (Hg) is banned for use in consumer batteries in Europe above established 
permissable limits (European Commission 1998; European Council 1991d) and also in 
many US states, although imports from unregulated countries are possible (Wiaux and 
Waefler 1995). Trace levels will always occur in other battery types (alkaline-
manganese, zinc carbon, lithium etc.), so a complete mercury ban is difficult. 
Nevertheless, the European Portable Battery Manufacturers Association (EPBMA) has 
proposed a ceiling limit of 5 parts per million (ppm) Hg, a considerable difference 
from the content of mercury batteries before the ban when, in 1985, levels of 5000 ppm 
were recorded (Duke 2003). Hasselriis and Licata (1996) report that, prior to mercury 
reduction in batteries, MSW combustion in the USA accounted for 33 tonnes per year 
of mercury emitted to the atmosphere, 4% of all US anthropogenic mercury emissions. 
Landfills, being the predominant mode of disposal in the UK and other OECD 
countries, represent the major sinks for battery mercury waste (Panero et al. 1995). 
Stockpiled batteries containing >5 ppm of mercury may still be disposed of to landfill, 
although the mercury batteries already contained within landfilled waste are of greater 
importance (Levy and Bro 1994). 
Nickel-cadmium (Ni-Cd) batteries are the dominant rechargeable cells used in 
consumer devices, with over 1,710 million batteries (65% of the secondary cell market) 
used world-wide in 1997 (Kordesch and Ivad 1999). The number used was expected to 
have increased by 2001, but fell to 42% of the global market due to improvements in 
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nickel-metal hydride batteries and environmental concerns. Ni-Cd batteries are 
reported to be the source of 45% of the cadmium present in refuse (Pendle and Poll 
1993; Rosseaux et al. 1989). In Europe, legislation requires that all batteries integrated 
in electronic/electrical equipment be easily removable, labelled as recyclable and 
separately collected for recycling, where appropriate (European Commission 1993). 
Levels of cadmium must not exceed 0.025% by weight of the battery. The separate 
collection and recycling requirements of the Batteries Directive are not mandatory and 
hence Ni-Cd cells can be discarded as MSW, especially in the UK where recycling 
facilities are poor but improving. 
Automotive lead-acid batteries are the major lead-containing cells, and an established 
collection and recycling industry has existed in the UK for many years (Department of 
Trade and Industry 1993). A high proportion of the batteries, approximately 85%, are 
recovered every year (Department of Trade and Industry 1993). The batteries 
`escaping' collection are the result of DIY battery changes, some of which will be 
disposed of as MSW but with many currently being returned to retailers or to collection 
at civic amenity sites (Department for Environment, Transport and the Regions 1999). 
Small lead batteries, from fire and security alarm systems, are more likely to be 
disposed as MSW, with some 4,000 tonnes remaining unrecovered (Department of 
Trade and Industry 1993). Lead can cause a variety of health problems, acting as a 
chronic and acute neurotoxin and causing kidney damage (Alloway and Ayres 1997; 
Lockitch 1993). 
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Table 3.11: Composition of the various battery types (Espinosa et al. 2004; Eurobat 
website 2005; Rydh and Karlstrom 2002). 
General Battery Battery Types 	Main Composition 
Categories 
Primary cells Zinc carbon (sizes 
AA; AAA; C; D etc.) 
Alkaline manganese 
(sizes AA; AAA; C; 
D; 9v etc.) 
Silver oxide button 
cells 
Alkaline manganese 
button cells 
Zinc anode 
Manganese dioxide and carbon cathode 
Zn chloride/ammonium chloride 
electrolyte 
Zinc anode 
Manganese dioxide and carbon cathode 
Potassium/sodium hydroxide electrolyte 
Zinc anode 
Silver oxide cathode 
Potassium hydroxide electrolyte 
Mercury suppressants 
As above for alkaline manganese, plus 
mercury gas suppressants 
Metal-air button cells Zinc/aluminium anode 
Oxygen cathode 
Lithium button cells 	Lithium anode 
Managanese oxide cathode 
Mercury oxide button Zinc anode 
cells 	 Mercury oxide cathode 
Potassium/sodium hydoxide electrolyte 
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Table 3.11 — (continued) 
General Battery Battery Types 	Main Composition 
Categories 
Secondary cells 	Nickel-cadmium 	Cadmium anode 
(sizes AA; AAA; C; Nickel hydroxide cathode 
D etc.) 	 Potassium hydroxide electrolyte 
Nickel-metal hydride Hydrogen metal alloy anode 
(sizes AA; AAA; C; Nickel oxide cathode 
D etc.) 	 Potassium hydroxide electrolyte 
Lithium & lithium-ion Lithium compound anode* 
Manganese oxide cathode 
Organic liquid electrolyte 
Lead-acid 	 Lead anode and cathode 
Sulphuric acid electrolyte 
New 	 Nickel-hydrogen 
technologies: 	Thermal cells 
rechargeable 
* Lithium iron sulphide, lithium manganese dioxide, lithium carbon monofluoride, 
lithium cobalt oxide, lithium thionyl. 
3.1.10 Waste electrical and electronic equipment 
Waste electrical and electronic equipment (WEEE) falls within the EWC as well as the 
WEEE Directive (European Parliament and Council 2002b). Although listed under the 
EWC as equipment containing dangerous substances, all WEEE must be collected and 
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treated as hazardous waste under the WEEE Directive. Much of the electrical and 
electronic equipment used within the home is covered by the Directive, and hence will 
be redirected from landfill for recovery. Annex II of the WEEE Directive lists the 
substances and components that must be removed including heavy metals, CFCs, 
mercury from fluorescent lamps and other sources, plastics containing brominated 
flame retardants (BFRs), batteries and toner cartridges (Table 3.12, after Industry 
Council for Electronic Equipment Recycling 2005). As such, the Directive will 
contribute significantly to reducing hazardous input to mixed MSW. Nevertheless, 
WEEE has been disposed of to landfill for many years, without prior treatment or 
removal of any dangerous substances and hence will remain a potential environmental 
problem in older landfills. 
The RoHS Directive and proposed new Batteries Directive will affect the substances used 
in the manufacture of electrical and electronic consumer goods (European Commission 
2003a; European Parliament and Council 2002c). New products can therefore be expected 
to contain fewer hazardous components than older items. In particular, the use of lead, 
mercury, cadmium, hexavalent chromium, polybrominated biphenyls (PBB) and 
polybrominated diphenyl ethers (PBDE) will be restricted. 
3.1.11 Wood preservatives 
Treatments used to preserve wood can render the finished product hazardous on final 
disposal. Three broad groups of preservatives are used to protect wood: tar oils, 
organic solvent-based and water-based formulations. Each group contains compounds 
displaying hazardous properties (Department of the Environment 1980). For tar oils, 
creosote has been the most widely used. It is a recognized skin irritant and causes 
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photosensitivity, forming skin tumours in prolonged cases of exposure (Department of 
the Environment 1980) as well as being a potent aquatic contaminant (Hyotylainen and 
Oikari 1999). As such, amateur use of creosote as a wood preservative is no longer 
permitted through implementation of Directive 2001/90/EC (European Commission 
2001c). 
Pentachlorophenol can be considered an example of a potentially dangerous organic 
solvent-based compound, having been reported to interfere with oxidative 
phosphorylation (Jorens and Schepens 1993). Tributyltin also falls into this category 
and is subject to stringent restrictions (Evans et al. 1995; Voulvoulis et al. 2000). 
Chromated copper arsenate (CCA) represents hazardous water-based substances, the 
heavy metal content possessing a range of health and environmental problems 
(Christen 2003; Gibb et al. 2000; Jain and Ali 2000; Mazumder 2003; Yu 1998). The 
UK dominated European CCA consumption with 15,000 tonnes per year 
(Environmental Data Services 2003), an amount curbed by the implementation of EU 
legislation (European Commission 2003b). The EU lists CCA as a hazardous 
substance possessing no safe threshold limit for genotoxicity and carcinogenicity; 
however, the US-EPA does not accept that any risks are posed to public health and the 
environment at present, although this stand is currently under review (Christen 2003). 
Water-based preparations also contain fungicides including dichlofluanid and 
propiconazole. 
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Table 3.12: Domestic types of WEEE, as defined by the WEEE Directive (Industry 
Council for Electronic Equipment Recycling 2005). 
Categories Components Tonnes/ Hazardous ingredient 
'000s 
Large household 
appliances 
Large white goods; air 
treatment; heaters 
644 CFCs and similar; BFRs; lead, 
copper and other metals 
Small household Vacuum cleaners; hair 80 BFRs; heavy metals including 
appliances dryers; toasters; kettle lead and cadmium 
IT/telecoms Incl. mobile phones 68 Heavy metals (Ni, Cd, Pb, Cu) 
Consumer 
equipment 
TV; hi-fi; cameras 120 Leaded 	glass; 	Phosphors; 
BFRs; Other reactive materials 
Power tools Lawnmowers, drills etc 23 Heavy metals (Ni, Cd, Pb, Cu) 
Toys/leisure/ Electric/electronic toys; 2 Heavy metals (Ni, Cd, Pb, Cu); 
sport equipment gym equipment BFRs 
Lighting* Flourescent lamps 2 Mercury; Lead 
Monitoring/ Smoke detectors; <1 Heavy metals (Ni, Cd, Pb, Cu); 
control 
equipment 
thermostats BFRs 
Medical devices 02 extractors etc. —0 Heavy metals (Ni, Cd, Pb, Hg) 
Automatic 
dispensers 
Vending machines —0 Heavy metals (Ni, Cd, Pb, Cu) 
*Expanded earlier under "mercury-containing wastes". 
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3.1.12 Personal care products 
Personal care products (PCPs) are similar in chemical composition, extent of use and 
mode of entry to the environment as pharmaceuticals and detergents. They are often 
linked in the literature to one or both groups (Daughton and Ternes 1999). As no 
specific mention is made of PCPs in the EWC (Table 2.4), these products are not 
classified as hazardous substances. Commonly used ingredients, a selection of which 
are listed in Table 3.13, do not usually demonstrate the more traditional EU Risk 
Phrases. However, links to endocrine disruption, bioaccumulation and extensive 
presence in the natural environment indicate that the disposal of personal care products 
may pose future problems. The ingredients used have the potential for harm due to 
their omnipresence in the human environment and exposure directly to the human 
body. In the UK, the Cosmetics Regulations 1996 (Statutory Instrument 1996b) 
restrict the types of ingredients used but CHIP3 does not extend to personal care 
products. Prior to work by Yamagishi et al. (1981; 1983) few studies had directly 
examined the environmental consequences of the disposal of such products. However, 
there is a growing body of evidence demonstrating long-term consequences on health 
from direct use and exposure (Chou and Dietrich 1999; Daughton and Ternes 1999; 
Daughton 2003; Eisenhardt et al. 2001; Ford 1991; Fromme et al. 2001; Geyer et al. 
1994; Muller et al. 1996; Rimkus et al. 1997; Routledge et al. 1998; Seinen et al. 1999; 
Stevenson and Davies 1999; Winkler et al. 1998; Yamagishi et al. 1981; Yamagishi et 
al. 1983). 
Most PCPs will be disposed of to sewer. However, some products are stockpiled 
(forgotten, lost favour, misplaced etc.) and then discarded as MSW. Estimates of 
volumes entering MSW have not been attempted and landfill leachate studies have 
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generally overlooked PCP compounds such as synthetic musks. Concern over the 
possible health effects of certain preservatives and fragrances, principally synthetic 
musks, and the accumulation of a number of substances in the wider environment have 
driven a number of manufacturers/retailers to withdraw or alter the chemical basis of 
their products — adopting a Precautionary Principle approach (Cooperative Retail 2004; 
Friends of the Earth 2004b; Peters 2003). 
3.1.13 Miscellaneous groups 
Current research is identifying a wider variety of products or substances used in 
households and discarded as MSW that display hazardous properties but are not listed 
on any current hazardous waste lists. Plastics containing phthalate plasticizers and 
brominated flame retardants (Alaee and Wenning 2002) are possible candidates for 
inclusion in future hazardous waste lists, as are clinical wastes generated from within 
households, such as sharps. Considerable amounts of syringes are disposed of, with 
350 tonnes arising in household waste in England and Wales alone (Department for 
Environment, Transport and the Regions 1999). Bisphenol A, used to coat the inner 
surface of metaUtin food containers, is also a reported endocrine disruptor (Kirshnan et 
al. 1993). 
Many of the products used within the home escape classification as hazardous waste 
when disposed of. However, a number of these items are considered to be hazardous 
when disposed of in waste streams other than MSW. Antifreeze, brake fluids and 
other fluids used for vehicle maintenance or DIY purposes are listed in Chapters 13 
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and 16 of the EWC and can be considered to be toxic due to the inclusion of 
substances such as ethylene glycol (Devillers et al. 2003). 
Table 3.13: Personal care products and common, potentially problematic, ingredients. 
Product type 	 Examples of potential ingredients 
Deodarants/antiperspirant 
Bath preparations 
Toothpastes/mouthwashes 
Shower gel/liquid soap 
Shampoo and similar 
Hair colourants 
Perfumes and aftershave 
Nitro/polycyclic musks; aluminium chlorhydrate; ethanol 
Nitro/polycyclic musks; sodium lauryl sulphate; 
ethylene glycol; preservatives (parabens) 
Sodium lauryl sulphate; preservatives (parabens); 
alcohol; chlorhexidine; triclosan 
Sodium lauryl sulphate; triclosan; 
Nitro/polycyclic musks; sodium lauryl sulphate; ethylene 
glycol; preservatives (parabens); phthalates 
Toluene-2,4-diamine; Resorcinol; Ortho-aminophenol (-
hydroxyaniline); Chlorohydroquinone; 
Phenylenediamine 
Stearic acid; glycerin; propylglycol; sorbitol; glycerol 
Insoluble dyes/azodyes; preservatives; diethylene glycol 
monostearate; acetoglycerides 
Para-aminobenzoic acid; 
Various solvents (acetates/ketones/ethers/alcohol); 
plasticizers; colourants 
Nitro/polycyclic musks; plant-derived fragrance; 
dipropylene glycol; diethyl phthalate 
Hand, face, body creams 
Make-up 
Sunscreens 
Manicure 
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The proposed EU REACH Directive (European Parliament and Council 2003b) may 
further expand the miscellaneous group of potentially hazardous wastes. Conflicting 
pressure groups, supporting or opposing stricter hazardous chemical regulations, 
dispute the impact REACH will have on the chemical content of consumer products 
and it is possible that REACH will in fact expand the non-hazardous chemical list. 
Consequences will remain uncertain until implementation, with final adoption of the 
proposal expected in 2006/7. 
3.2 Summary 
With waste production increasing globally and the introduction of legislation designed 
to curb MSW disposal to landfill in Europe, the need to further the understanding of 
HHW has never been more relevant. It is acknowledged in this review that current 
understanding of HHW, composition and quantities generated, is insufficient to 
describe the type and extent of the potential risk posed by such waste. This is due to 
national legislative differences and incompatibility in the classification of HHW 
components. 	Important HHW sources include paint, garden pesticides, 
pharmaceuticals, photographic chemicals, certain detergents and PCPs, fluorescent 
tubes, waste oil, heavy metal-containing batteries, some treated wood, waste electronic 
and electrical equipment and discarded CFC-containing equipment. The individual 
product groups listed in this review are an extension of the European Waste Catalogue 
and could be combined into a comprehensive definition of HHW. 
However, lack of HHW quantification, or even estimation, obscures the scale of the 
potential risk. The review demonstrates the variations in amounts often quoted, and 
establishes the need for further work in this area. The individual waste streams that 
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may or may not be categorized as HHW will contribute to the variation in the overall 
estimates of HHW quantities and hence it is important that estimates of HHW verify 
the individual sub-categories included. 
Each sub-category of 1-11-1W can be further sub-divided into a range of chemical 
constituents that represent a cross-section of inorganic and organic chemistry. A 
number of substances are unique to particular waste streams, such as mecoprop and 
other herbicides as garden pesticide wastes. Others can occur in a wide variety of 
waste groups, such as fungicides in garden pesticides, paint and wood biocides; 
ethylene glycol in paints, photochemicals, household cleaners etc. Substances such as 
phthalates, with as yet uncertain hazardous status, are present in almost all consumer 
goods categories, being common components of the product packaging. Boundaries 
are therefore blurred and quantification of the individual chemical load of each 
hazardous chemical ascertained as rendering the waste hazardous difficult, particularly 
given the lack of data provided for each chemical group. 
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CHAPTER FOUR 
"Heaven is under our feet as well as over our heads."- Henry David Thoreau (1817-1862) 
HOUSEHOLD HAZARDOUS WASTE IN MUNICIPAL 
LANDFILLS: CONTAMINANTS IN LEACHATE 
Chapter 2 showed that, unlike the waste streams originating from industrial or 
commercial sources, hazardous substances in municipal solid waste (MSW) are not 
strictly controlled under hazardous waste regulations. As such, household hazardous 
waste (HHW) can be co-disposed of with general household waste. In the UK and 
much of the rest of the world, municipal and household wastes are disposed of 
predominantly to landfill (Organization for Economic Cooperation and Development 
2001). Therefore any long-term risks arising from HHW disposal will act through 
MSW landfills. Chapter 3 demonstrated that the amounts and significance of this 
disposal are poorly understood. Generally, it has been assumed that amounts are 
small and therefore risks arising from landfill co-disposal are negligible (Robinson 
1995). However, chemical analyses of emissions evolved from landfills accepting 
only MSW have been shown to have similar chemical compositions to those from 
mixed or hazardous landfills (Bloor et al. 2005; Kjeldsen et al. 2002; Schrab et al. 
1993). Many of the chemicals found in landfill emissions have the potential to exert 
negative influences upon the surrounding environment. However, the contribution 
made by HHW is uncertain and disposal to landfills therefore poses an unqualified 
risk to the environment and human health. This chapter focuses on the analysis of the 
possible routes for environmental contamination from landfills, particularly the risk of 
contaminating surface and groundwater. A review of leachate analyses together with 
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an assessment of landfill biogeochemistry permits extrapolation from leachate 
contaminant back to HHW disposal, with leachate composition potentially acting as 
an indicator for landfill-discarded HHW. 
4.1 	Landfills as pathways to environmental pollution 
Emissions from landfill take two forms: gaseous emissions of volatile organic 
compounds (VOCs) and leachate. Volatilization of organic compounds results from 
methanogenic decomposition processes occurring within the body of the landfill. 
Leachate derives from the percolation of rainwater and waste liquids through the 
waste layers of the landfill, removing the soluble products of physical, chemical and 
biological decomposition from the solid waste material. Seepage through the waste 
eventually causes leachate accumulation at the base of the landfill: it is from here that 
leakage into and contamination of natural waterways can occur. The contamination of 
groundwater by landfill leachates has been recognized by a number of researchers 
(Christensen et al. 2001; Holm et al. 1995; Kjeldsen et al. 1998; Kjeldsen et al. 2002; 
Lyngkilde and Christensen 1992; Mikac et al. 1998; Noaksson et al. 2003; Ravi et al. 
1998; Reinhard et al. 1984; Reinhart 1993; Rugge et al. 1995; Schwarzbauer et al. 
2002). Gaseous emissions from landfills have also been the focus of much research 
(Allen et al. 1997; Assmuth and Kalevi 1992; James and Stack 1997; Kreith 1995; 
Parker et al. 2002; Zou et al. 2003). 
The leakage potential of landfill leachate is mitigated by a number of factors. The use 
of barrier material, most usually a combination of geomembrane and clay liner, at the 
base of the landfill slows the migration of landfill leachate to the surrounding 
environment whilst leachate collection systems transfer leachate for recirculation 
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within the landfill or for removal from the landfill for treatment prior to release. 
Capping of filled waste cells (used to separate the landfill site into manageable 
sections) and closed sites, combined with daily covering of disposed waste, reduce 
rainwater ingress and limit leachate production. A cap barrier also restricts gaseous 
emissions, particularly if a gas collection system is incorporated. Failure of any of the 
control measures or insufficient treatment of collected emissions may result in the 
release of a cocktail of chemicals, as reported by Schwarzbauer and co-workers 
(2002). For older landfills, the implementation of measures to prevent release to the 
environment is less well defined with the result that aquifer contamination was far 
more common alongside high levels of localized VOCs (Reinhard et al. 1984). 
It has been common practice for many years to site landfills in geological strata that 
have a capacity to attenuate the emissions that may result from waste disposal to land. 
Landfills tend not to be placed below the water table and are generally separated from 
aquifers by an unsaturated zone, protecting groundwater sources (Bagchi 2004). 
Proximity to drinking water extraction has, for a long time, been a consideration in 
landfill siting. Older, "dilute-and-disperse" landfills rely on physical, chemical and 
biological processes present in the soil and rock to attenuate the contaminant load of 
the leachate plume percolating from the landfill into the surrounding environment. 
Engineered landfills use base liners and leachate collection systems to slow the 
migration of untreated leachate to the environment but are nevertheless generally 
situated only in selected geological locations, often determined by the types of waste 
to be received. As such, there is greater location flexibility for landfills receiving 
inert waste compared to hazardous waste landfills. Despite precautions, there exists 
the possibility that a leaking leachate plume may enter groundwater following barrier 
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breakdown, or that leachate treatment is insufficient. As water extraction from 
surface water and groundwater sources increase, the knowledge of the geochemistry 
of leachate plumes becomes an important consideration. 
Leachate is inherently variable due to the heterogeneity of waste composition, water 
infiltration rate and amount, residual refuse moisture content plus factors relating to 
the landfill: design, operation and management, and age (Reinhart 1993). Leachate 
components result from the types of waste disposed and the processes occurring 
within the landfill. The presence of inorganic compounds including heavy metals and 
hazardous organic contaminants, such as halogenated aliphatic compounds, aromatic 
hydrocarbons, phenolic compounds and pesticides, in MSW landfill leachate is a 
direct indicator of the disposal of hazardous wastes in MSW (Bauer and Herrman 
1997; Bauer et al. 1998; Cameron 1978; Christensen et al. 2001; Gintautas et al. 1992; 
Holm et al. 1995; Isidori et al. 2003; Marttinen et al. 2003; Oman and Hynning 1993; 
Robinson 1995). However, care must be taken with MSW leachate analyses that 
reveal the presence of harmful substances due to the co-disposal of industrial liquid 
wastes and manufacturing wastes with MSW, a practice no longer permitted in the EU 
with the implementation of the Landfill Directive. The consequences of HHW 
disposal are therefore obscured in many leachate studies. Where it is possible to 
differentiate waste sources, leachate composition has the potential to act as a useful 
tool in HHW risk evaluation. 
4.2 	Landfill processes 
Whilst the waste types disposed of to the landfill largely determine leachate 
composition, conditions within the landfill also exert an influence over the resulting 
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emissions. To further understand the potential outcomes from landfill disposal of 
HHW, the intermediate step between disposal-to-leachate collection/analysis/leakage 
deserves consideration. 
The life of a landfill is marked by transitions across redox phases, reflected by 
changes in landfill emissions. The initial, but short-lived, stage is aerobic but 
compaction, daily covering with soil and rapid oxygen-consuming biodegradation 
rapidly lead to the development of anaerobic conditions. Bacterial decomposition 
under this latter phase, referred to as the acetogenic or anaerobic acid stage, results in 
an accumulation of acids and alcohols. The acid phase is thus defined by high organic 
strength leachates and the presence of high fatty acid concentrations (Christensen et 
al. 2001; Kjeldsen et al. 2002; Robinson and Gronow 1993). Biological oxygen 
demand (BOD) and chemical oxygen demand (COD) whilst high in the anaerobic 
acid phase, decline thereafter as the acids, principally carboxylic acids, are consumed. 
Methanogenic bacteria replace acetogens as the pH levels alter and are responsible for 
the biodegradation of acids and alcohols, producing methane as a by-product. The 
onset of the methanogenic phase of the landfill is particular to individual landfill sites 
and the management scheme adopted. Wet landfills, often integrating leachate 
recirculation, can become active methane producers within 5-10 years of landfilling: 
for others, the period can be 20-50 years. Methane production peaks in the stable 
methanogenic phase, with concurrent decline in BOD:COD ratio, from >0.4 in the 
anaerobic acid phase to <0.1 during methane generation. 
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Methane production declines over time, leading to the development of the 
hypothesized later stages of landfill development. Described in detail by Kjeldson et 
al. (2002), methane production is expected to cease, permitting the reformation of 
aerobic conditions. The hypothesized period for achieving final aerobic conditions is 
sufficiently protracted to not have been recorded in any managed landfills i.e. landfills 
up to the 30 year post closure monitoring period frequently adopted for landfills 
(Kjeldsen et al. 2002). 
The environmental conditions determining rate of decomposition and transition 
between redox phases are particular to each individual landfill. A number of factors 
influence redox transitions, including local climate, waste composition and landfill 
management (Zacharof and Butler 2004). However, moisture content has been 
demonstrated to be the principal driver in waste decomposition (Barlaz et al. 1990; 
Christensen et al. 1992). Leachate recirculation has been used to achieve the rapid 
decomposition of some species, aiming to reduce periods of landfill management. 
The resultant leachate composition from landfills varies depending upon the redox 
stage but development of each phase is unpredictable despite the well recognized 
sequence of events (Robinson and Gronow 1993). Landfills are heterogeneous 
structures with different areas within individual cells containing different proportions 
of waste types at differing stages of decomposition. The ratio of biodegradable to 
non-biodegradable wastes will vary considerably in the waste body, resulting in the 
achievement of the different redox phases at different transition intervals within the 
landfill. The consequences arising from reduced disposal of biodegradable waste to 
MSW landfills, under the auspices of the Landfill Directive, will alter this ratio and 
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hence affect the volume and composition of the leachate produced (European Council 
1999). 
Leakage from landfills to aquifers requires the assessment of processes governing 
contamination and decomposition of the pollutants contained within the leachate. 
Hence, dilution, sorption, ion exchange, precipitation, redox reactions and degradation 
are applicable in situ and ex situ to landfills. Attenuation of organic compounds 
within the landfill and in the leachate plume is predominantly through sorption to 
landfill subsoil and aquifer sediment and/or microbial/chemical/physical degradation 
as well as dilution in groundwater and volatilisation from unsaturated zones beneath 
the landfill (Robinson 1995). 	Inorganic substances are attenuated through 
precipitation as inorganic salts or sorption to soil/waste: both processes are influenced 
by the redox potential of the environment, which could cause previously sequestered 
substances to re-enter the aqueous phase. 
4.3 	Composition of landfill leachate 
Leachate contains inorganic and organic elements. Ammoniacal-nitrogen is the main 
component of MSW landfill leachate, with levels consistent across the different 
landfill phases (Christensen et al. 2001; Robinson and Gronow 1993). Whilst not 
classified as hazardous, ammoniacal nitrogen has the potential to act as one of the 
dominant environmental pollutants from landfills containing putrescible wastes and 
hence poses problems for the management of all landfills. It is the most frequent 
pollutant of groundwater, emanating at concentrations of greater magnitude than other 
emissions (Baker and Curry 2004; Barlaz et al. 2002; Christensen et al. 2001). One of 
the key objectives of the Landfill Directive is the reduction of ammoniacal nitrogen in 
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landfill leachate through the diversion of biodegradable MSW from landfill disposal 
(European Council 1999). Chloride, BOD and COD also exceed most other inorganic 
and organic components of leachate (Kjeldsen et al. 2002; Robinson 1995). 
Waste contains a large number of organic chemicals, a number of which can be 
described as xenobiotics, or substances derived from anthropogenic sources, 
exhibiting hazardous or dangerous properties. Alongside heavy metals and other 
hazardous inorganic substances such as cyanide/s, xenobiotic organic compounds 
(XOCs) are generally classified as the hazardous substances occurring in leachate. 
MSW landfill leachate analyses permit identification of the commonly found XOCs 
and heavy metals derived from waste with a domestic origin. Extrapolation back to 
the original source is often possible, allowing the risks of discarding certain wastes to 
landfill to be assessed. However, the types of waste discarded do not solely determine 
leachate composition. Conditions existing within the waste body also contribute to the 
type of landfill emissions. Chemical and biological transformations of the waste and 
interactions of plant-derived matter and XOCs/heavy metals, influenced by the various 
redox phases undergone through the life of a landfill, affect emissions at any point in 
time (Robinson and Gronow 1993). To fully assess the risk of landfill disposal of 
HHW, continual monitoring and leachate analyses are required throughout the life 
span of the landfill. If the phases are well understood, as indicated by the extensive 
literature concerning conditions within the landfill, then it is possible to "map" the 
degradation of particular waste streams and the possible emissions that result. 
Results from various studies reveal different degrees of degradation for a variety of 
XOCs under the various redox conditions found within and adjacent to the landfill, as 
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reviewed by Kjeldsen and co-workers (2002). As anaerobic conditions persist in 
capped landfills, any leachate plume progresses from strongly reducing methanogenic 
conditions in the landfill through the progressively weaker reducing redox zones 
marked by sulphate, iron and nitrate reduction to aerobic conditions in the aquifer 
(Read et al. 2001; Reinhard et al. 1984). Various of the compounds found in 1111W 
have been 'mapped' through these zones such that determination of the specific 
degradation patterns and interactions is possible. Dichloroethene and vinyl chloride 
are examples of the chlorinated solvents attenuated in the anaerobic conditions by 
abiotic redox environments and the biotic microbes found therein (Bradley and 
Chapelle 1996; Bradley and Chapelle 1997). The low levels of chlorinated organic 
compounds generally detected in leachates result, at least partially, from the reductive 
dechlorination of hazardous compounds, such as polychlorinated biphenyls (PCBs), 
during the acid formation and methanogenic phases within the landfill (Reinhart and 
Pohland 1991). The aromatic hydrocarbons exemplified by the BTEX compounds 
(benzene, toluene, ethylbenzene and xylenes) can degrade under aerobic conditions 
but little anaerobic degradation activity has been demonstrated, raising the possibility 
of groundwater contamination, particularly in the case of benzene (Christensen et al. 
2001; Nielsen et al. 1996). Phenols and pesticides often demonstrate contradictory 
behaviour regarding degradation in anaerobic and aerobic conditions. 
Pentachlorophenol is reported to degrade in anaerobic conditions (Kjeldsen et al. 
1990) but the pesticide mecoprop resists degradation under anaerobic conditions, 
which helps to explain its common occurrence in landfill leachate (Heron and 
Christensen 1992; Rugge et al. 1999; Williams et al. 2003). Schwarzbauer and co-
workers (2002) reported that phthalates and other plasticizers do not significantly 
decline in either anaerobic or aerobic conditions, although other workers report the 
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anaerobic degradation of phthalic acids (Gavala et al. 2003; Jonsson et al. 2003; 
Pohland 1991; Staples et al. 1997). 
The heavy metal content of leachate shows a reduction from acid phase to 
methanogenic phase due in part to increased sorption to DOC and metal precipitation 
with sulphates and carbonates (Christensen and Christensen 1999; Christensen et al. 
2001; Kjeldsen et al. 2002; Robinson and Gronow 1993). Work by Suna Erses and 
Onay (2003) found that 90% of all heavy metals present in a landfill simulation were 
attenuated within ten days of methanogenic onset through heavy metal precipitation 
(Suna Erses and Onay 2003). The application of heavy metal balances to landfills has 
revealed that less than 0.02% of heavy metals disposed of to landfill are leached 
within the first 30 years of the lifespan of the landfill due to metal immobilization by 
organic/inorganic sorption and precipitation (Belevi and Baccini 1989; Flyhammer 
1995). For instance, mercury in landfills is predominantly found as an insoluble 
sulphide precipitate and is therefore resistent to leaching. However, it is reported that 
the anaerobic conditions of modern landfills may encourage the biomethylated 
transformation of mercury into more soluble and volatile methyl mercury (Compeau 
and Bartha 1985; Jones and McGugan 1978), with the result that Lindberg and co-
workers (2001) argue that landfills may be a dominant source of atmospheric mercury 
(Lindberg et al. 2001). However, the Environment Agency for England and Wales 
report that volatile mercury has not been detected above toxicity thresholds in gaseous 
emissions, determining loss from landfills predominantly through adsorption to 
particulate matter released as dust (Parker et al. 2002). 
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Transformations and degradation of the waste types disposed to landfills can lead to 
the development of hazardous substances from less hazardous substances. 
Biodecomposition of putrescible waste increases general levels of dissolved organic 
carbon (DOC) (Reinhard et al. 1984). The higher the levels of DOC, the greater the 
elution through sorption to organic matter of hydrophobic XOC pollutants such as 
phthalate esters (Bauer and Herrman 1997; Bauer et al. 1998; Oman and Rosqvist 
1999). DOC concentrations also influence the mobility of metals (Meima et al. 1999; 
van der Sloot 1998). Biological or chemical transformations in the solid phase or 
leachate can lead to the formation of toxic substances from relatively innocuous 
organic compounds. 1,4-dioxane (Yasuhara et al. 1997), a controlled substance, could 
result from such a transformation, whilst carbon tetrachloride, another toxic 
compound, is a principle constituent of polyvinyl chloride (PVC) (Health & Safety 
Commission 2002). Improvements in the solubility or mobility of substances in the 
leachate are a further consequence of transformations, with methyl mercury 
transformed from insoluble mercuric sulphide (Compeau and Bartha 1985). Landfill 
processes should therefore be considered when assessing leachate composition, 
described in the following section. Tables 4.1 and 4.3 include many of the chemicals 
identified in leachate from various landfills (Table 4.2) that possess hazardous 
properties, several of which can be traced back to their original waste source through 
consideration of the reactions occurring within the waste body of the landfill. 
4.3.1 Organic compounds in landfill leachate 
More than 200 organic compounds have been identified in municipal landfill leachate 
(Paxeus 2000; Schwarzbauer et al. 2002; Yasuhara et al. 1997), with upwards of 35 
compounds listed as priority pollutants (Paxeus 2000). More than 1000 chemicals 
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have been identified in groundwater contaminated by a variety of landfills generally 
(Christensen et al. 2001; Kjeldsen et al. 2002). The majority of these compounds are 
derived from decomposing vegetation and degradation products of natural materials 
(Reinhard et al. 1984; Schwarzbauer et al. 2002), with cellulose and hemicellulose 
alone comprising up to 60% of the total dry weight of MSW (Barlaz et al. 1989). 
Such compounds, aliphatic and aromatic acids, phenols and terpenes, have a tendency 
to degrade as the leachate plume migrates from the site (Leenheer et al. 2003; 
Reinhard et al. 1984). DOC, usually aggregated as total organic carbon (TOC), BOD 
and COD, is the primary degradation product, along with ammoniacal-nitrogen 
(Christensen et al. 2001; Kjeldsen et al. 2002; Robinson and Gronow 1993). 
A large number of the degradation compounds can be described as XOCs and result 
from the disposal of waste containing BTEXs, chlorinated aromatics, chlorinated/non-
chlorinated hydrocarbons, nitrogen-containing compounds, alkylphenol ethoxylates 
and alkyl phosphates (Schwarzbauer et al. 2002). Table 4.1 lists some of the XOCs 
commonly identified in landfill leachate: it is not a comprehensive list, but rather 
highlights frequently found substances or substances that can be linked to HHW. 
Types and quantities of XOCs differ across leachate studies from dilute (.1g/1) to more 
concentrated (mg/1), a reflection of the differences in landfill age, waste composition 
and landfill management processes occurring at the site (Christensen et al. 2001). The 
substances derive from different landfill types, as specified in Table 4.2. 
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Table 4.1: Xenobiotic organic compounds frequently found in MSW and co-disposal landfills (landfill type specified in Table 4.2). 
GROUP NAME CAS NO. USE HHW? REFS 
HALOGENATED 
HYDROCARBONS BROMODICHLOROMETHANE 75-27-4 Chlorinated water, some as manu. substrate X 2 
CHLOROBENZENE 108-90-7 Industrial solvent and substrate X 1[a ,d,f,m,o],3,5,8,15 
1,4-DICHLOROBENZENE 106-46-7 Toilet-deodorizers & moth balls Y 1[a,c,d,f,m],3,5,7,8 
1,3-DICHLOROBENZENE 541-73-1 Inseciticidenumigent; chlorophenol substrate X l[y],7,8 
1,2-DICHLOROBENZENE 95-50-1 Pesticide, manu. substrate, deodorizer,solvent Y 1[a ,c,d,f,o],3,5,7,8,15 
1,2,3-TRICHLOROBENZENE 87-61-6 Insecticide, substrate, solvent X/Y 1[y],2,7 
1,2,4-TRICHLOROBENZENE 120-82-1 Insecticide, substrate, solvent XN 1[y],2,7,8 
1,3,5-TRICHLOROBENZENE 108-70-3 Chemical intermediate, explosives, pesticides X/Y 2 
Industrial by-product of solvent, pesticide and wood 
HEXACHLOROBENZENE 118-74-1 preservation x 1 [z] 
HEXACHLOROBUTADIENE 87-68-3 Manu. of rubber/lubricants & industry x 2 
Paint solvent, degreasant, breakdown of 1,1,1- 
1,1-DICHLOROETHANE 75-34-3 trichloroethane X/Y 1[a,i,v] 
Vinyl chloride manufacture: paint, adhesives, 
pesticides and cleaning products: solvent to remove 
1,2-DICHLOROETHANE 107-06-2 petrol lead. Y(old) 1[a,b,d],2,7,8 
TRIBROMOMETHANE 75-25-2 Degreasent and substrate - no longer used X 2 
Solvent esp. paint & adhesive; cleaning products & 
1,1,1-TRICHLOROETHANE 71-55-6 aerosols Y 1 [a,b,d,f,m,o,p,q,x],2,3,5 
Solvent, unknown use: 1,1,2,2-Tetrachloroethane 
1,1,2-TRICHLOROETHANE 79-00-5 breakdown product XN l[y] 
1,1,2,2-TETRACHLOROETHANE 79-34-5 
Industrial solvent and substrate: was used in paint, 
pesticides and degreasant X/Y 'f[y] 
trans-1,2-DICHLOROETHYLENE 156-60-5 Solvent and manu (pharmaceuticals etc) X/Y 1[a,b,y] 
cis-1,2-DICHLOROETHYLENE 156-59-2 Solvent (perfumes etc) & manu (pharma etc) WY 1[a, b] 
TRICHLOROETHYLENE 79-01-6 
Solvent, substrate, degreasant: solvent in tipp-ex, 
paint removers, adhesives and cleaners Y(old) 1[a,b,d,f,l,m,n,o,p,x,y],2,3,5,8 
TETRACHLOROETHYLENE 127-18-4 Dry-cleaning and degreasant X 1[a,b,f,i,l,m,n,o,p,q,x1,2,3,5,8 
Table 4.1 - (continued) 
GROUP NAME CAS NO. USE HHW? REFS 
DICHLOROMETHANE 75-09-2 
Solvent in paint stripper, aerosols, cleaners, 
photographics, pesticides Y(old) 1[a,b,d,k,m,v],5,7,8 
TRICHLOROMETHANE 67-66-3 Solvent and substrate: forms from CI in water X 1[a,b,d,h,i,k,o,p,g],5,7,8 
All uses stopped? No longer a refrigerant etc. Used 
CARBON TETRACHLORIDE 56-23-5 for plastics? Y 1[h,o,p],2,8 
CHLOROETHENE 75-01-4 Plastics and vinyl production - house, drugs etc Y 8 
AROMATIC HYDROCARBONS BENZENE 
TOLUENE 
71-43-2 
108-88-3 
Multitude of uses - manufacturing of dyes, pesticides, 
drugs, lubricants and detergents 
Solvent in paint, paint thinners, nail varnish etc 
1[a,b,d,f,h,i,k,l,m,n,o,p,g,x],2,3,5,6, 
7,8,13,15 
1 [a,b,d,f,h,i,k,l,m,n,o,p,x],2,3,5,7,8, 
13,15 
XYLENES 1330-20-7 Plastics manu.: solvent in paints, nail varnish 1 [a,b,d,f,h,i,k,l,m,n,o,p,q,x],2,3,5,6, 
7,8,13,15 
ETHYLBENZENE 100-41-4 Pesticides, varnishes, adhesives and paints 1[a,b,d,f,m,n,o,p,g,x,v],2,3,5,8,13,1 
5 
TRIMETHYLBENZENES N/A Solvent, substrate(paint,perfume,dye), fuel X/Y 1[b,f,o,p,x],3,5,8,13 
n-PROPYLBENZENE 103-65-1 Solvent and manu. 1[x],8,13 
t-BUTYLBENZENE 98-06-6 Solvent and manu. 1,8 
ETHYLTOLUENES e.g. 622-96-8 Solvent and manu. 1,8,13 
Moth repellent, toilet deodorizer, manu. of dyes & 
NAPHTHALENE 91-20-3 resins Y 1[c,d,f,m,n,o,p3,43,5,6,7,8,13,15 
2-METHYLNAPHTHALENE 91-57-6 Insecticides, chemical intermediate (dye/vit.K) Y 3,7,8,13,15 
1-METHYLNAPHTHALENE 90-12-0 Insecticides, chemical intermediate (dye/vit.K) Y 3,7,8,13,15 
PHENOLS PHENOL 108-95-2 Slimicide, disinfectant, drugs & manu. X/Y 1[c,f,g,k,m,n,x],2,3,5,6,7,12,13,15 
ETHYLPHENOLS 90-00-6 Solvent, naturally occurring in some foods X/Y 1[k,I],3,15 
	  CRESOLS 1319-77-3 Wood preservatives, drugs, disinfectant & manu. Y 1 [c,g,j,k,l,m,n,t,x],3,5,6,7,12,13,15 
Table 4.1 - (continued) 
PESTICIDES 
NAME 
BISPHENOL A 
DIMETHYLPHENOLS 
2-METH/4-METHOXYPHENOL 
CHLOROPHENOLS 
2,4-DICHLOROPHENOL 
3,5-DICHLOROPHENOL 
TRICHLOROPHENOLS 
2,3,4,6-TETRACHLOROPHENOL 
PENTACHLOROPHENOL 
POLYCHLORINATED BIPHENYLS 
NONYLPHENOL 
NONYLPHENOL ETHOXYLATE 
ALDRIN/DIELDRIN 
AMETRYN 
AMPA 
ATRAZINE 
BENTAZON 
CHLORIDAZON 
CHLORPROPHAM 
DDT (DDD, DDE) 
DICHLOBENIL 
DICHLORVOS 
N,N-DIETHYLTOLUAMIDE (DEET) 
ENDOSULFAN (ALPHA/BETA)  
CAS NO. 
As phenol 
105-67-9 
90-05-1/50-76-5 
95-57-8 
120-83-2 
591-35-5 
N/A 
58-90-2 
87-86-5 
1336-36-3 
834-12-8 
N/A 
1912-24-9 
25057-89-0 
1698-60-8 
101-21-3 
50-29-3 (72- 
54/55-8/9) 
1194-65-6 
62-73-7 
134-62-3 
33213-65-9  
USE 
Manufacture of epoxy resins, coating on food cans? 
Solvent 
Manu. Antioxidants,drugs,plastics,dyes: flavouring 
Pesticides, antiseptics, manu., Cl-trted water 
Manu. Herbicides, PCP: mothballs, disinfectant 
Manu. Herbicides, PCP: mothballs, disinfectant 
PCP & organochlorine pesticide metabolites 
Pesticides, wood preservative 
Wood preservative no longer used in households 
Transformers and capacitors: <1970s used in 
consumerables paint,adhesives, fluorescent lamps, 
oil, WEEE 
Herbicide 
Glyphosate 
Herbicide - US licenced, UK not? 
Herbicide 
Pyridazinone herbicide 
Carbinilate herbicide 
Banned insecticides 
Herbicide 
Insectide (indoor) & veterinary care 
Insecticide (body) 
Insecticide and wood preservative  
GROUP 
ALKYLPHENOLS 
309-00-2/60-57-1 Banned insecticides 
HHW? 
Y 
X(Y) 
Y 
X(Y) 
Y 
Y 
X/Y 
x 
Y(old) 
X 
REFS 
1,6,7,15 
1[x],12,15 
1 [x] 
1[x],7,12,13,15 
7 
1 [x] 
15 
1 [z],15 
2,15 
2 
1[x],15 
15 
X 
X 
X 
Y 
X 
X 
X 
X 
Y 
Y* 
Y 
X 
104-40-5 	Surfactants 	 X/Y 
9016-40-9/NA 31 Detergents, wetting/dispersing agents, emulsifier 	X/Y 
Table 4.1 - (continued) 
GROUP NAME CAS NO. USE HHW? REFS 
ENDRIN 72-20-8 No longer used pesticide (insect/rodent/avicide) X 2 
FENPROPIMORF 67564-91-4 Morpholine fungicide X 1 [x] 
GLYPHOSATE 1071-83-6 Herbicide Y 1 [x] 
HEXAZINON 512-350-42 Non-agricultural herbicide X 1 [x] 
HYDROXYATRAZIN 2163-68-0 Atrazine metabolite x 1 [x] 
HYDROXYSIMAZIN NA 1063 Simazine metabolite X 1 [x] 
ISOPROTURON 34123-59-6 Phenylurea herbicide X 1 [x] 
gamma- 581-89-9 
HEXACHLOROCYCLOHEXANE Insecticide and lice treatment Y l[x,z],2 
MALATHION 121-75-5 Insectide, flea and lice treatment Y 2 
MECOPROP 7085-19-0 Herbicide Y 1[c,e,l,n,u,x],4,5,6,13,14 
METHYL PARATHION 298-00-0 Insecticide — agricultural X 2 
MCPA 94-74-6 Herbicide Y l[u,x] 
PROPDXUR 114-26-1 Acaricide/insecticide X l[x] 
SIMAZINE 122-34-9 Herbicide Y 2 
TRIDIMEFON 43121-43-3 Fungicide X 1 [x] 
4-CPP 3307-39-9 Herbicide X 1 [x] 
2,4-D 94-75-7 Herbicide Y l[e, I] 
2,4,5-T 93-76-5 Herbicide (Agent Orange) X l[u] 
2,4-DP (Dichlorprop) 120-36-5 Herbicide (alongside mecoprop) Y l[e,u,x] 
PHTHALATES MONOMETHYL PHTHALATE Plastics Y 1 [x] 
DIMETHYLPHTHALATE Plastics Y l[s],7 
DIETHYL PHTHALATE 84-66-2 
All plastic consumerables, insecticides, drugs, 
cosmetics Y 1[c,g,j,m,x1,4,5,6,7,9,15 
METHYL-ETHYL PHTHALATE Plastics Y l[x],9 
MONO-(2-ETHYLHEXYL) 
PHTHALATE Plastics Y l[v,x],9 
DI-(2-ETHYLHEXYL) PHTHALATE 117-81-7 All plastics including medical ware Y 1[s,u,v,x],6,7,9,10,15 
MONO-BUTYLPHTHALATE / Plastics Y 1 [v,x],9 
DI-n-BUTYLPHTHALATE 84-74-2 PVC plastics and nitrocellulose lacquers (varnish) Y 1[c,g,I,j,m],5,6,7,9,15 
Table 4.1 - (continued) 
GROUP NAME CAS NO. USE HHW? REFS 
DI-ISOBUTYLPHTHALATE Plastics Y 1,6,9 
MONO-BENZYLPHTHALATE Plastics Y 1 [v,x],9 
BUTYLBENZYL PHTHALATE 85-68-7 Plastics Y 1[c,g,j,v],9,15 
DIOCTYLPHTHALATE 117-84-0 All plastics, pesticides and cosmetics Y 1,6,15 
PHTHALIC ACID N/A Phthalate breakdown product Y 1[v,x],6,10 
DIHEPTYL PHTHALATE 3648-21-3 Plastics Y 7 
AROMATIC SULPHONATES NAPHTHALENE SULPHONATES Azo dyes, detergents, plasticizers Y 1 [r] 
BENZENE SULPHONATES 68411-30-3 Azo dyes, detergents, plasticizers Y 1 [r] 
p-TOLUENESULPHONATE 80-40-0 Azo dyes, detergents, plasticizers Y 1 [r] 
SULPHONES & DIPHENYLSULPHONE 127-63-9 Plasticizer and intermediates Y 6 
SULPHONAMIDES 
N- 
BUTYLBENZENESULPHONAMIDE 3622-84-2 Plasticizer Y 6,15 
PHOSPHONATES TRIBUTYLPHOSPHATE 126-73-8 Plasticizer, solvent, antifoaming agent Y 1[c,f,i,l,m],3,5,6,15 
TRIETHYLPHOSPHATE 78-40-0 Plasticizer, solvent, antifoaming agent Y 1 [f,i,l],3,6,7,15 
TERPENOIDS TERPENOIDS(general) N/A Plant by-product, chemical intermediate Y 11 
BORNEOL 507-70-0 Chemical, perfume, flavouring intermediates Y 6 
CAMPHOR 76-22-2 Perfume & incense additive Y 1[c,f,i,n,x],3,5,6,8,13,15 
1,8-CINEOLE 470-82-6 Flavours & fragrance Y 3,6 
FENCHONE e.g. 1195-79-5 Flavouring Y 1[c,f,n,x],3,6,13 
LIMONENE 5989-27-5 Flavouring Y 
MENTHOL 15356-70-4 Flavours & fragrance Y 3 
PINENE e.g. 80-56-8 Flavours & fragrance Y 15 
ALPHA-TERPINEOL 98-55-5 Flavours & fragrance Y 6,7 
TETRALINS N/A Flavours & fragrance Y 15 
THYMOL 89-83-8 Flavours & fragrance Y 6 
Table 4.1 - (continued) 
GROUP NAME CAS NO. USE HHW? REFS 
PHARMACEUTICALS IBUPROFEN 15687-27-1 Anti-inflammatory/analgesic — General Sales List Y 6 
PROPYLPHENAZONE/PHENAZONE 479-92-5/60-80- 0Analgesic - rarely used today X 6,15 
CLOFIBRIC ACID 882-09-7 Plant growth reg & drug intermediate Y 6 
PYRIDINES METHYLPYRIDINE (2-?) 109-06-8 Solvent & substrate for dyes, resins, drugs X 6 
NICOTINE 54-11-5 Insecticide, tobacco X/Y 1 [g],6 
COTININE 486-56-6 Formed from oxidation of nicotine X/Y 6 
CARBOXYLIC ACIDS BENZOIC ACID 65-85-0 Food preservative, perfumes, creams/drugs, manu Y 3,6,15 
PHENYLACETIC ACID 103-82-2 Fragrance/flavour, drugs (penicillin) Y 3,6 
BENZENETRICARBOXYL ACIDS e.g.528-44-9 Plastic softeners Y 3,6 
PALMITIC ACID 57-10-3 Food, cosmetics & pharmaceuticals Y 3,6,15 
STEARIC ACID 57-11-4 Food, cosmetics & pharmaceuticals Y 3,6,15 
LINOLEIC ACID 60-33-3 Food & fragrance Y 3,6 
ALIPHATICS n-TRICOSANE 638-67-5 Plastics & intermediate x 6,7 
n-TRIACONTANE 638-68-6 Intermediate x 6,7 
ALCOHOLS & ETHERS GLYCOL ETHERS e.g. 111-76-2 Solvent (paint,varnish,inks,pesticides,antifreeze) Y 6 
GENERAL ALCOHOLS N/A Solvents Y l[h] 
DIPHENYLETHERS 101-54-8 Flame retardant, plasticizer, herbicide Y 6 
ALDEHYDES & KETONES ALDEHYDES N/A Solvents (plastics, paints), stain remover Y l[t],6 
KETONES N/A Preservative, resin/dye manu., intermediate Y l[t],6 
MISCELLANEOUS ACETONE 67-64-1 Solvent and in manu. of plastics, drugs & fibres Y 1 [a,i,k,o] 
ANALINES N/A Ink/dye,resins,drugs,agrochemical intermediate X/Y 3,6,7 
 	BENZONITRILE 100-47-0 Solvent:_litye,drugs,rubber,lacquer manu. Y 3,4,7,15 
Table 4.1 - (continued) 
GROUP NAME CAS NO. USE HHW? REFS 
BENZTHIAZOLES N/A Manu. of drugs, rubber, agrochemicals etc. Y 6,7 
DIBENZOFURAN 13-26-49 From fossil fuel combustion - incl. Diesel fuel X 7 
CAFFEINE 58-08-2 Food addidtive, drugs Y 1[g],7 
ESTERS 110843-98-6 Many uses during manufacture Y 6,15 
TETRAHYDROFURAN 109-99-9 Food addiditive, reagent (drugs, perfumes), solvent Y l[ati,k,o] 
INDANE 90989-41-6 Fuel & metal cleaning Y 1,6 
INDENE 95-13-6 Solvent & intermediate Y 8 
INDOLES N/A 
Intermediates, food colourant, drugs/hallucinogenics, 
perfumes etc. Y 6,15 
MTBE 1634-04-4 Solvent used as additive in unleaded petrol X(Y) 1 
SILOXANES N/A Silicone polymers - varnish, oils/waxes, rubber Y 6,15 
STYRENE 100-442-5 Naturally occurring, used for plastics/rubber manu Y 8,15 
TRIFLURALIN 158-20-98 Herbicide X 2 
Key: X=non-municipal/household use, Y=municipal/household use, X/Y=either/or but generally non-municipal/household use, X(Y)=non-municipal/household but possibly 
occurring in MSW, Y(old)=no longer used in municipal/household products but possibly occurring in MSW. 
References: 1 cited by (Kjeldsen et al. 2002), 2 (Robinson and Gronow 1993), 3 (Reinhard et al. 1984), 4 (Oman and Rosqvist 1999), 5 (Christensen et al. 2001), 6 
(Schwarzbauer et al. 2002), 7 (Yasuhara et al. 1997), 8 (Zou et al. 2003), 9 (Jonsson et al. 2003), 10 (Bauer and Herrman 1997), 11 (Leenheer et al. 2003), 12 (Ask Reitzel 
and Ledin 2002), 13 (Baun et al. 2003), 14 (Lyngkilde and Christensen 1992), 15 (Paxeus 2000), a (Sabel and Clark 1984), b (Forst et al. 1989), c (Oman and Hynning 1993), 
d (Harkov et al. 1985), e (Gintautas et al. 1992), f (Reinhard et al. 1984), g (Albaiges et al. 1986), h (Khare and Donderro 1977), i (De Walle and Chian 1981), j (Dunlap et 
al. 1976), k (Sawhney and Kozloski 1984), 1 (Schultz and Kjeldsen 1986), m (Karstensen 1989), n (Kjeldsen 1993), o (Barker et al. 1987a), p (Barker et al. 1987b), q (Krug 
and Ham 1997), r (Riediker et al. 2000), s (Bauer et al. 1998), t (Plotkin and Ram 1984), u (Oman 1999), v (Ejlertsson et al. 1999), x (Baun et al. 2004), y (Schrab et al. 
1993), z (Assmuth and Penttila 1995). 
Table 4.2: Landfill types analysed in reviewed work. 
Reference (from Table 4.1) 	Landfill Type 
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Kjeldson et al. (2002) 
Robinson and Gronow (1993) 
Reinhard et al. (1984) 
Oman and Rosqvist (1999) 
Christensen et al. (2002) 
Schwarzbauer et al. (2002) 
Yasuhara et al. (1997) 
Zou et al. (2003) 
Jonsson et al. (2003) 
Bauer and Herrmann (1997) 
Leenheer et al. (2003) 
Ask Reitzel and Ledin (2002) 
Baun et al. (2003) 
Lyngkilde and Christensen (1992) 
Paxeus (2000) 
Sable and Clark (1984) 
Forst et al. (1989) 
Oman and Hynning (1993) 
Harkov et al. (1985) 
Gintautas et al. (1992) 
Albaiges et al. (1986) 
Khare and Dondero (1977) 
DeWalle and Chian (1981) 
Dunlap et al. (1976) 
Sawhney and Kozloski (1984) 
Scultz and Kjeldsen (1986) 
Kartensen (1989) 
Kjeldsen (1993) 
Barker et al. (1987a) 
Barker et al. (1987b)  
Co-disposal 
MSW but co-disposal likely 
Co-disposal 
Household waste simulation 
Co-disposal 
No data 
Co-disposal 
Co-disposal 
Mixed sites 
Household waste simulation 
MSW landfill 
Co-disposal 
Co-disposal 
Co-disposal 
Co-disposal 
Co-disposal 
Co-disposal 
MSW but co-disposal likely 
MSW 
Co-disposal 
Sanitary 
Sanitary 
Co-disposal 
Co-disposal 
Co-disposal 
Sanitary 
Co-disposal 
Co-disposal 
Co-disposal 
Co-disposal/haz sites 
Table 4.2 (continued) 
Reference 	 Landfill Type 
Krug and Ham (1997) 
Riediker et al. (2000) 
Bauer et al. (1998) 
Plotkin and Ram (1984) 
Oman (1999) 
Ejlertsson (1999) 
Ledin et al. (unpub.) 
Schrab et al. (1993) 
Assmuth and Penttila (1995)  
Co-disposal 
MSW and co-disposal 
MSW 
Sanitary (co-disposal) 
Co-disposal 
Co-disposal 
Co-disposal 
MSW: 1111W & co-disposal 
Co-disposal 
The BTEX compounds are found in the highest concentrations, along with the 
halogenated hydrocarbons tetrachloroethylene, trichloroethylene and dichloroethanes 
(Christensen et al. 2001; Kjeldsen 1993; Kjeldsen et al. 2002; Krug and Ham 1997; 
Reinhard et al. 1984). Table 4.1 demonstrates their almost universal occurrence in 
leachate. These solvent compounds, used in solvent-based paints and dry cleaning 
products, aside from being among the simplest to analyse for, have been designated 
US Environmental Protection Agency priority pollutants based on aquatic pollutant 
capability (Kjeldsen et al. 2002). 
The occurrence of plasticizers in leachate has been widely reported (Bauer and 
Herrman 1997; Bauer et al. 1998; Jonsson et al. 2003; Marttinen et al. 2003; 
Mersiowsky et al. 2001; Mersiowsky 2002; Yamamoto et al. 2001). Principle among 
this group of compounds are phthalates, of which di-(2-ethylhexyl) phthalate 
(DEHP), diethyl phthalate (DEP), diisononyl phthalate (DINP) and dibutyl phthalate 
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(DBP) have been extensively used in the manufacture of plastic consumer goods 
(Mersiowsky 2002; Schwarzbauer et al. 2002). Nevertheless, other phthalates are 
commonly recorded in landfill leachates, both co-disposal and MSW, as shown in 
Tables 4.1 and 4.2. The degradation product, phthalic acid, has generated the highest 
concentrations in leachate, levels reaching 14 mg/1 in some landfills (Kjeldsen et al. 
2002). Concern about these compounds has developed over recent years due to their 
classification as endocrine disruptors (Fukuoka 1997; Jobling et al. 1995; Parmar 
1995) and phthalates, as phthalic acid esters, are listed as 'priority pollutants' by the 
US-EPA (Keith and Telliard 1979). A tendency to persist in the environment and 
bioaccumulate in organisms are contributory factors to their priority status 
(Schwarzbauer et al. 2002). Other plasticizers, phosphates and sulphonamides, are 
also categorized as environmental pollutants. The former group has been responsible 
for extensive eutrophication of surface water (Moss et al. 1997) while N-
butylbenzenesulphonamide (NBBS), the most abundant sulphonamide, is a 
recognized neurotoxic pollutant (Albaiges et al. 1986; Duffield et al. 1994; Oman and 
Hynning 1993). Robinson failed to detect significant levels of DEHP in 26 leachate 
samples and concluded that plasticizers are not considerable contaminants of leachate 
(Robinson 1995). 
Bisphenol A (4,4'-(1-methylethylidene)bisphenol), originating from plastics and 
epoxy resins, acts as an oestrogen mimic (Krishnan et al. 1993) and possesses a weak 
acute toxicity to aquatic biota (Alexander et al. 1998). It is a common contaminant of 
landfill leachate, often occurring at relatively high levels (Coors et al. 2003; Fent et 
al. 2003; Schwarzbauer et al. 2002; Yamamoto et al. 2001; Yasuhara et al. 1997). 
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Landfill leachates have also been identified as a source of other endocrine-disrupting 
substances found in aquatic ecosystems in Sweden (Noaksson et al. 2003). 
Pharmaceuticals were first identified as potential aquatic pollutants by Garrison et al. 
(1976) with the discovery of clofibric acid in sewage receiving waters. Work by 
Schwarzbauer and co-workers (2002) identified the three pharmaceuticals 
propyphenazone, ibuprofen and clofibic acid in leachate leaking through the faulty 
bottom seal of a domestic landfill in Germany. Holm et al. (1995) describe the rapid 
methanogenic degradation of a group of pharmaceuticals in groundwater 
contaminated by landfill leachate: propyphenazone is one of the compounds listed, 
alongside sulphonamides and barbiturates. Phenazone, an analgesic similar to 
propyphenazone, was identified in soil and groundwater below a MSW landfill by 
Ahel and Jelicic (2001). Eckel et al. (1993) further identified pentobarbital in 
groundwater from a landfill. Work by Schecker et al. (1998) investigated the 
elimination of ifosfamide, a cytostatic drug falling under the auspices of the European 
Waste Catalogue (European Commission 2000), from a sanitary landfill. 
Approaching 50% of the ifosfamide added to a methanogenic landfill was eliminated 
after 120 days. More general assessments of groundwater contamination not 
necessarily linked to landfill seepage have identified a greater variety of products 
such as the analgesics diclofenac and ketoprofen (Heberer et al. 1997; Heberer et al. 
2001; Sacher et al. 2001); antibiotics sulfamethoxazole, dehydroerythromycin and 
sulfamethazine (Hartig et al. 1999; Hirsch et al. 1999; Lindsey et al. 2001; Sacher et 
al. 2001); the antiepileptic drug carbamazepine (Sacher et al. 2001; Schwarzbauer et 
al. 2002; Seiler et al. 1999); and the beta-blocker sotalol (Sacher et al. 2001). 
Marttinen et al. (2003) have remarked on the similarity of sewage and leachate for 
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other compound groups, permitting the possibility of a similar pattern emerging for 
pharmaceuticals. Jones et al. (2001) provide a review of pharmaceuticals occurring 
in the aquatic environment. Pharmaceuticals have also been recorded in drinking 
water, generally at non-problematic levels (Daughton and Ternes 1999; Heberer et al. 
1997; Heberer 2002; Rabiet et al. 2006; Stumpf et al. 1996) and pose a general 
environmental risk (Bound and Voulvoulis 2005). 
Pesticides and herbicides are frequently recorded in MSW landfill leachate. NN-
Di ethyholuamide (DEET), bentazon (3 -(1-m ethylethyl)-1H-2,1,3-b enzothiadiazin-
4(3H)-one, 2,2-dioxide), MCPA ((4-chloro-2-methylphenoxy)acetic acid) and 
particularly mecoprop (2-(4-chloro-2-methylphenoxy)propionic acid) are particularly 
common, and persistent in anaerobic landfill conditions (Christensen et al. 2001; 
Gintautas et al. 1992; Kjeldsen 1993; Kjeldsen et al. 2002; Lyngkilde and Christensen 
1992; Oman and Hynning 1993; Schultz and Kjeldsen 1986). Christensen et al. 
(2001) and Kjeldsen et al. (2002) cite the discovery of at least a further 40 different 
pesticides in landfill leachate, including the Red Listed aquatic pollutants atrazine and 
simazine (Alloway and Ayres 1997), with the most frequently occurring being listed 
in Table 4.1. Surface water contamination by these compounds has also been 
reported (Buser et al. 1998). Naphthalene and related compound contamination of 
leachate is also commonly reported (Reinhard et al. 1984; Yasuhara et al. 1997): this 
compound is a recent addition to the UK's Approved Supply List (Health & Safety 
Commission 2002), a classification system applied to all substances considered to be 
dangerous. 2-Butylphenyl methylcarbamate (BPMC) and benthiocarb have also been 
detected (Yasuhara et al. 1997). 
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Detergent surfactants are reported from leachate analyses, particularly sulphonates 
and alkylphenol polyethoxylates (Kjeldsen et al. 2002; Riediker et al. 2000). Such 
surfactants occur in laundry detergents and personal care products, although the latter 
surfactant, particularly as nonylphenol ethoxylates, is not commonly used due to 
concerns over environmental and health problems, especially endocrine disruption 
(De Henau et al. 1986; Jobling and Sumpter 1991; Kiewiet et al. 1997; Renner 1997; 
Ruiz Bevia et al. 1989; Shurin and Dodson 1997; White et al. 1997). Nevertheless, 
nonylphenol has been reported to be present in municipal landfill leachate (Behnisch 
et al. 2001; Coors et al. 2003; Paxeus 2000). Synthetic musks, used as perfume in 
many detergents and personal care products, have not yet been identified in leachate 
but are widely recorded in sewage receiving waters in a number of countries 
(Daughton and Ternes 1999; Fromme et al. 2001; Muller et al. 1996; Rimkus 1999; 
Winkler et al. 1998; Yamagishi et al. 1981; Yamagishi et al. 1983). The older 
nitromusks have lost favour due to reports of photosensitization and neurotoxicity, 
but polycyclic musks are still widely used despite the possibility of endocrine 
disruption and aquatic toxicity (Breitholtz et al. 2003; Eisenhardt et al. 2001; Ford 
1991; Kirschner 1997; Seinen et al. 1999; Wollenberger et al. 2003). 
Other significant representative xenobiotic compounds discernible in leachate include 
chlorinated organics (Paxeus 2000; Reinhard et al. 1984; Schwarzbauer et al. 2002; 
Yasuhara et al. 1997) such as pentachlorophenol, one of many such compounds 
considered to be a 'priority pollutant' by the US-EPA (Pohland et al. 1998). 2,4-
Dichlorobenzoic acid, together with other chlorinated aromatics including benzene 
and methylphenol, occur in varying quantities in leachate (Schwarzbauer et al. 2002). 
Leachate concentrations of chlorofluorocarbons (CFCs) tend to be low compared to 
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other organic compounds due to high rates of attenuation (Hohener et al. 2003; 
Reinhart and Pohland 1991). Even so, CFCs have been recorded as gas and leachate 
emissions from MSW landfills in Germany and in Canadian landfill simulations 
(Deipser and Stegmann 1994; Lesage et al. 1993), predominantly in the acid phase 
before the onset of methanogenesis. However, details concerning concentration and 
volume are lacking (Hohener et al. 2003). Whilst CFCs possess a low level of 
toxicity, their breakdown products are more reactive and inherently more toxic or 
carcinogenic (Berends et al. 1999; Hohener et al. 2003). 
Complex fractions containing nicotine and benzthiazol together with their oxidation 
products (Schwarzbauer et al. 2002) and caffeine (Albaiges et al. 1986) are common 
contaminants, often existing at high concentrations in the German and Spanish 
landfills studies reported. Kjeldsen and co-workers (2002) highlight the discovery of 
levels of the gasoline additive methyl-tent-butyl-ether (MTBE) found at significant 
concentrations in some Swedish landfills. Dioxanes (glycol ethylene ether) such as 
1,4-dioxane and dioxolans, originating from alkyd resin production wastes and 
disposed paint and similar products, are reported to occur in the MSW leachate from 
Japanese and Swedish landfills (Paxeus 2000; Yasuhara et al. 1997). Robinson, 
however, failed to detect many 'Red List' substances (Department of the 
Environment 1988) in any of the landfill leachate samples collected across England 
and Wales: other hazardous substances were detected at very low levels (Robinson 
1995). 
Although concentrations of XOCs are only a small fraction of the total carbon content 
of leachate, the bulk being dissolved organic matter, the levels observed in a 
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multitude of studies indicate that concern for aquifer contamination is justified 
(Albaiges et al. 1986; Barker et al. 1986; Bauer and Herrman 1997; Christensen et al. 
2001; Ehrig 1983; Gintautas et al. 1992; Hohener et al. 2003; Holm et al. 1995; 
Isidori et al. 2003; Kjeldsen 1993; Kjeldsen et al. 1998; Kjeldsen and Christensen 
2001; Kjeldsen et al. 2002; Krug and Ham 1997; Lyngkilde and Christensen 1992; 
Marttinen et al. 2003; Noaksson et al. 2003; Oman and Hynning 1993; Paxeus 2000; 
Schrab et al. 1993; Won-all and Besien 2005; Yenigul et al. 2005). With water 
quality standards in many countries set as low as 0.1 µg/1 for certain XOCs, the 
concentrations achieved in leachate can therefore be perceived as a potential threat to 
public health if incorrectly managed (Kjeldsen et al. 2002). 
4.3.2 Inorganic components of leachate 
Metals, particularly heavy metals, found in the inorganic fraction are of particular 
interest due to their hazardous nature (European Commission 2000). Commonly 
occurring metals in landfill leachate include zinc, copper, cadmium, lead, nickel, 
chromium and mercury released into leachate as a consequence of leachate 
characteristics — pH, flow rate and concentrations of complexing agents (Reinhart 
1993; Yasuhara et al. 1997). Metals demonstrate sorption to form metal colloids or 
complexes, particularly with organic matter, removing the metal from direct detection 
as free metals (Christensen and Christensen 1999; Gounaris et al. 1993; Jensen and 
Christensen 1999). As such, the metal content of leachate is conceivably higher than 
free metal detection studies allow, and calculations based solely on the water 
solubility constants of the pollutants will underestimate their concentrations (Jonsson 
et al. 2003). Conversely, if a leachate sample contains greater than average amounts 
of colloid matter, metal colloid complex assessment would be biased to the other 
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extreme. Landfill age is also an important factor and it has been suggested that the 
peak release of metals into leachate is achieved with the onset of the, as yet 
hypothetical, aerobic later stages of the landfill. Any release will, however, be 
delayed due to the decrease in DOC and the insolubility of the salts formed in the 
anaerobic phase (Ross et al. 1999). 
Generally metals demonstrating high levels of sorption and precipitation, do not 
constitute a groundwater pollution threat due to poor migration into the leachate 
plume and low initial concentrations leached from the solid waste (Table 4.3). Heavy 
metals can, however, reach problematic levels despite depressed concentrations 
relative to other substances evolved into the leachate. Ehrig (1983), Kjeldsen et al. 
(2002) and Robinson (1995) found that metal levels, particularly mercury and 
cadmium, in domestic waste landfill leachate are barely detectable and pose little 
threat to groundwater. Zinc, however, is usually recorded at concentrations orders of 
magnitude greater than other metals (Christensen et al. 2001). Heavy metal 
contamination of aquifers is almost exclusively as soluble high molecular weight 
organic complexes. Such contamination of groundwater can be of environmental and 
potable drinking water concern, as the drinking water standards provided in Table 4.3 
demonstrate (Reinhard et al. 1984). Even with the maximum permissible levels for 
metals as high as 5 mg/1 (US Drinking Water Standard for zinc), weak leachate 
concentrations can often approach this limit (Lu et al. 1985; Mikac et al. 1998; 
Kjeldsen et al. 2002). Nevertheless, particulate matter contaminated with heavy 
metals has been cited as one of the primary sources of heavy metal emissions from 
landfills (Parker et al. 2002). 
143 
Table 4.3: Metal and heavy metal concentration ranges detected in landfill leachates. 
Metal 
Concentration Range 
mg/1 Use/purpose 
US Drinking Water Standards 
mg/1 
UK Drinking Water Standards 
mg/1 
Cadmium 0.0001 - 0.4 Batteries, appliances 0.005 0.005 
Nickel 0.0036 - 13 Batteries, appliances N/A 0.05 
Zinc 0.003 - 1000 Batteries, packaging 5 5 
Copper 0.002 - 10 Electrical appliances 1.3 3 
Lead 0.001 - 5 Batteries, appliances 0 0.05 
Chromium 0 - 1.62 Electrical appliances 0.1 0.05 
Mercury 0.00005 - 0.16 Batteries, appliances 0.002 0.001 
Arsenic 0.01 - 1 Appliances 0 0.05 
Cobalt 0.005 - 1.5 Appliances N/A N/A 
References: Christensen et al. 2001; Flyhammer et al. 1998; Jensen and Christensen 1999; Kjeldsen and Christophersen 2001; Kjeldsen 
V. 	et al. 2002; Kruempelbeck and Ehrig 1999; Robinson 1995. 
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Other contaminants of landfill leachate can be referred to as "inorganic 
macrocomponents" (Christensen et al. 2001). These substances tend to be found at 
very high levels. Iron and manganese fall into this group, along with calcium, 
sodium, potassium, ammonia/ammonium, chloride and others. The level of corrosion 
exhibited by steel and iron in the various landfill phases is important in determining 
the release of heavy metals from household batteries. Ammoniacal-nitrogen is, 
however, the dominant leachate contaminant. 
4.4 	Landfill gas 
During the methanogenic phase of landfill decomposition, many of the degradation 
products resulting from waste decomposition in the acid anaerobic stage are 
volatilized from the leachate (Christensen et al. 2001). As a result, landfill gaseous 
emissions often demonstrate similar hazardous compounds to the leachate. Whilst 
the dominant proportion of landfill gas is methane (-50-60%) followed by carbon 
dioxide (-40%), many trace VOCs are also released (Kreith 1995). VOC emissions, 
including saturated and unsaturated hydrocarbons, acidic hydrocarbons and organic 
alcohols, aromatic hydrocarbons, halogenated compounds and sulphur compounds as 
identified in leachate, can present health and environmental concerns (Kreith 1995). 
Zou et al. (2003) identified up to 60 VOC species in one landfill, 16 compounds of 
which were US-EPA priority pollutants including benzene and derivatives, and 
chlorinated hydrocarbons and aromatics. Specific compounds occurring at high 
levels, although altogether rarely exceeding 1% v/v, were naphthalene, chloroform, 
carbon tetrachloride, trichloroethane and chlorobenzene as well as benzene. Allen et 
al. (1997) recorded over 140 VOCs, whilst James and Stack (1997) and Assmuth and 
Kalevi (1992) found 33 and 30 VOCs respectively, with benzene in the former study 
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and carbon tetrachloride in the latter being recorded at levels above guideline limits. 
However, the comprehensive sampling strategy reported by Parker et al. (2002) 
identified 557 trace components in landfill gas. Of these, 178 were toxic, including 
the volatile heavy metals arsenic and mercury. Nevertheless, levels detected were 
below statutory guidelines, specifically of the more toxic substances such as mercury. 
Later stages of the methanogenic phase demonstrate lower levels of gas evolution as 
the substrates, the products from the earlier anaerobic acid phase, are exhausted. 
4.5 Summary 
A review of leachate studies revealed the presence of potentially harmful chemicals 
in the leachate of MSW landfills, and high levels of VOCs in landfill gas. Many of 
the substances have the potential to be traced back to the original sources entering the 
disposal pathway, particularly when conditions and processes within the landfill were 
understood. Awareness of the waste types disposed of alone is, however, insufficient 
for determination of leachate composition without subsequent consideration of the 
fate and behaviour of hazardous substances within the body of the landfill. 
Nevertheless, leachate is a potential indicator of hazardous substances in MSW. 
The absence of data relating directly to MSW or household waste is problematic. As 
co-disposal of industrial waste is no longer permitted under the auspices of the 
Landfill Directive, the impact of the hazardous element of MSW or HHW requires 
further assessment. The hazardous nature of certain types of MSW have the potential 
to rival certain industrial wastes as pollutant risks, most notably 'priority pollutant' 
phthalates. 
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CHAPTER FIVE 
"Judge of a man by his questions rather than by his answers." - Voltaire (1694 — 1778) 
ASSESSING QUANTITIES AND DISPOSAL ROUTES FOR 
HOUSEHOLD HAZARDOUS PRODUCTS IN THE UNITED 
KINGDOM 
The disposal of household hazardous waste (HHW) to landfill will contribute to the 
contaminant load of the landfill leachate, as reviewed in Chapter 4. However, the 
amounts of HHW disposed of from households is uncertain and the influence exerted 
by HHW on leachate composition is unclear. Chapter 3 highlighted previous attempts 
to quantify HHW. Although the studies concur on the proportions of hazardous waste 
witin municipal solid waste (MSW), the individual amounts can vary considerably due 
in part to the segregation system employed, representativeness of the sample and 
definition of what constitutes a hazardous waste (Gendebien et al. 2002; Reinhart 
1993). Crucially, modelling of HHW production is restricted due to absence of 
producer information, making wider application of these studies to the national 
population difficult. Studies into other, more well defined MSW streams have 
combined direct analysis techniques with socio-economic questionnaires but this has 
not been applied to HHW (Dennison et al. 1996a; Parfitt and Flowerdew 1997). 
Quantification is necessary for the provision of adequate collection procedures and is 
useful in examination of public attitudes and awareness. It can also be used to assess 
the effectiveness of measures aimed at driving changes in public perception and 
associated disposal behaviour. The health risks associated with the use of hazardous 
products within the home environment have been the focus of much research (Ma et 
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al. 2002; Muller et al. 1996; Pogoda and Preston-Martin 1997; Riley et al. 2001). The 
environmental risks from HHW disposal, however, are unspecified due in part to the 
deficiency in quantitative data. 
This chapter describes a project undertaken to assess the quantities of potentially 
hazardous products held in United Kingdom (UK) households with the potential to 
become HHW and identify the most common disposal routes adopted by 
householders. Adapting a format used previously for the assessment of HHW, 
quantification and disposal data were collected alongside public perception and socio-
economic indices to provide an evaluation of the pool from which HHW disposal 
occurs in the UK. 
5.1 	Project methodology 
5.1.1 Project format 
In 2003, a report was published describing a questionnaire-based project assessing 
HHW in Scotland (Stevens 2003). Precedence was set earlier by other waste research 
which used the questionnaire format, predominantly evaluating public awareness and 
perception to waste management programs (Dennison et al. 1996a; Dennison et al. 
1996b). The questionnaire format offers a cost-effective and quick method of 
evaluating potential disposal quantities, linked to details of the waste producer, 
providing an insight into behavioural differences across communities. 
The questionnaire for this project was designed to assess the quantities of products 
within households with the potential to become HHW, the disposal of such products 
and public perception of the hazardousness of the products when discarded. Asking 
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householders to provide data concerning their HHW arisings proved to be difficult. 
However they found it easier to answer questions about the products they were 
using/had in store. A worst-case scenario has been assumed, with all product 
estimates provided by the questionnaire accepted as the amounts of waste eventually 
discarded. The scenario will therefore over-estimate HHW levels through the 
supposition that products do not undergo further use. The "storage" and "use" stages 
of the sales-use/storage-disposal pathway were evaluated (Figure 5.1) and considered 
comparable to data regarding the disposal of HHW. Information on disposal routes 
was also collected to provide details necessary for the effective collection of HHW. 
Socio-demographic questions were incorporated to investigate sociological patterns of 
waste discarded from the home and evaluate the feasibility of model extension across 
the wider populace. The main body of the questionnaire (Appendix C) was divided 
into nine sections as shown in Table 5.1. 
7 USE Empty 
SALES ---0. STORAGE 
 
DISPOSAL 
 
Content: Full 
 
Full - trace 
 
Full - empty 
  
   
I 
 
Worst-case scenario disposal 
estimates 
Figure 5.1: Household hazardous products flow from purchase to disposal, 
demonstrating how storage estimates provide a "worst-case" scenario for disposal 
quantities. Use and storage stages are interchangeable and dynamic. 
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Section one of the questionnaire investigated the perceptions of the interviewees with 
respect to their waste disposal behaviour using a five-grade Likert scale. Included in 
section one were two waste types that are not considered to be hazardous under 
European Union (EU) legislation: paper and (biodegradable) kitchen leftovers. These 
additions to the seven hazardous groups of products described in Table 5.1 were used 
to examine for "automatic" responses to ratings of hazardousness. 
The remaining sections focused on the seven individual categories of potentially 
hazardous products and sociological information. The broad categories included 
garden chemicals, motoring products, paint and related products, fluorescent lighting, 
batteries, photographic chemicals, and pharmaceuticals, and aimed to reveal: 
• the quantities of the products that the interviewees were currently using or 
had placed in storage, recorded as either individual items (cans, packets 
etc.), volume (litres) or mass (kilograms); 
• when the products were likely to be disposed of (after use, when empty, 
when expired, in clear-outs or at other times); 
• how and where the products were discarded (given away, disposed in the 
general refuse bin, poured down a drain, taken to a civic amenity site or 
similar, returned to retailer, or disposed of by other means such as burning 
or burying); 
• hazard perception in respect of human health, environment and the 
consequences of disposal. 
Each product group was divided into individual items used frequently in and around 
the home. The product categories included in this study contain products that appear 
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within the European Waste Catalogue (EWC) as absolute or mirror hazardous entries 
(European Commission 2000). Pharmaceuticals are the only exception but have been 
the subject of concern relating to possible contaminant properties (Jones et al. 2001; 
Jones et al. 2002). Car batteries were excluded from the study as comprehensive 
collection procedures are already offered by local authorities and link to established 
mechanisms for recycling (Department for Environment, Transport and the Regions 
1999; Department of Trade and Industry 1993; Stevens 2003). The final section of the 
questionnaire collected data on the socio-demographics of the interviewee (Table 5.1). 
5.1.2 Sampling strategy 
A sample size of 400 households was adopted, derived from a formula for estimating 
sample proportions from large populations (Formula 5.1) (McCall 1982). A 95% 
confidence level and standard error of 0.05 assume a statistically significant size of 
384 questionnaires for a population of 24.5 million households (Office of National 
Statistics 2002). 
Formula 5.1: n = ir(1-7r)Z2/e2 where n = no. of individuals required for 
statistical test 
Z = standardized 2-tailed value for 
confidence level (1.96 (95% CI)) 
7C = estimate of proportion of individuals 
existing in the environment (0.5) 
e = acceptable level of error (0.05) 
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Table 5.1: Structure of the questionnaire completed by householders. Medicines are not reported on in detail here but have been discussed 
elsewhere (Bound et al. 2006). 
Section Aspect Component Question categories 
1 Perception Garden chemicals, motoring products, paint and related products, 
fluorescent lamps, batteries, photochemicals, pharmaceuticals, paper, 
kitchen leftovers. 
Likert five-grade scale from 
"hazardous" to "non-hazardous" 
2 Garden chemicals Herbicides, insecticides, biocides, animal deterrents, petcare. 
3 Motoring products Oil, oil filters, brake fluid, engine additives, antifreeze, other 
motoring products. 
Product quantities, if any: items, 
litres, kg 
4 Paint and related 
products 
Emulsion paint, gloss paint, water-based wood treatment, 
solvent-based wood treatment, tar oils, paint related products, inks, 
resins and adhesives. 
Time disposal takes place 
5 Fluorescent lamps Fluorescent (energy-saving) bulbs, fluorescent tubes. 
Method of disposal adopted 
6 Batteries General disposable, rechargeable, button (silver oxide). 
7 Photochemicals Selection from: developer, fixer, etc. 
Table 5.1 — (continued) 
Section Aspect 	 Component 	 Question categories 
8 
	
Medicines 	Over-the-counter, prescription, both. 
9 
	
Socio-economic 	Age, gender, family type, period of household residence, settlement, 	As applicable 
factors 	 education, occupation, postcode. 
The strategy selected involved the sampling of rural and urban areas predominantly 
within the south-east of England in proportion to their population size (Office of the 
Deputy Prime Minister 2002). Thus, four habitation zones were identified: large city, 
city/large town, mid-town and small town/village. These were sampled using a quota 
system weighted according to the percentage of the population of England found in 
each zone. With 46% of the population inhabiting major urban areas, the largest quota 
of 177 questionnaires was assigned to the environs of London. Sampling of a diverse 
number of neighbourhoods within London provided a further sub-set of consumption 
and disposal habits within different socio-economic zones. The cities of Brighton, on 
the south coast of England, and Bath, in the south-western county of Somerset, fulfil 
the next category, with a quota of 77 questionnaires representing the 20% of the 
population found in small cities and large towns. Billericay, in the county of Essex, 
represents the 15% who inhabit mid-sized towns and was assigned a quota of 57 
questionnaires. Lastly, a number of villages along the M4 and M5 motorways to the 
west of London were provided with a quota of 73 questionnaires, representing village-
dwelling inhabitants. 
The majority of the samples were collected door-to-door, with open spaces (parks, 
beaches and, to a limited extent, shopping centres) proving to be productive sampling 
sites. Householders were interviewed at random without prior contact. Certain areas 
within the four zones were targeted, having used A Classification Of Residential 
Neighbourhoods (ACORN) to identify a range of socio-economic neighbourhoods 
(CACI Limited 2002). Two teams of two interviewers operated between 10:00 - 18:00 
weekdays and 13:00 — 20:00 at weekends. All questionnaires were completed within a 
four-week period in June/July 2003. 
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5.1.3 Data Analysis 
Both ACORN and NS-SEC (National Statistics Socio-economic Classification) were 
used to compare the sample to the wider UK population (CACI Limited 1992; CACI 
Limited 2002; Office of National Statisitics 2001). ACORN, a geodemographic 
cluster system developed by CACI Marketing Systems Ltd, has been widely used in 
waste management studies to characterize household waste generation (Parfitt and 
Flowerdew 1997). As with all geodemographic cluster systems, ACORN divides 
neighbourhoods defined by postcode based on similarities in income, household type, 
education, attitudes and product preferences. The 56 ACORN clusters in the UK 2002 
version are based on 125 demographic statistics obtained from the decennial 
population census and 287 lifestyle variables, resulting in an extensive basis for 
discriminating between community types. NS-SEC, developed for the UK Office of 
National Statistics, is used in all aspects of national statistics (Rose et al. 2001). 
Developed from the Goldthorpe Schema, NS-SEC differentiates between employment 
on the basis of, among other factors, income source, level of authority and economic 
security (Erikson and Goldthorpe 1992). As ACORN is a geo-demographic 
instrument and NS-SEC a socio-economic tool, the term "socio-demographic" will be 
used to refer to both and other sociological data. 
Initial analysis concentrated on the graphical interpretation of the results obtained, 
summarising the data ranges and frequencies. Evaluation of public perception 
required the assessment of the most frequent response to demonstrate wider public 
opinion. Socio-demographic data were analysed for their potential to predict 
household product quantity, time of disposal and method of disposal as well as public 
perception using SPSS version 11.5 (SPSS Inc. 2002). Correlation analyses, one-way 
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analyses of variance (ANOVA) and multinominal regression were employed to 
examine the relationships between ACORN, NS-SEC and other socio-economic data 
collected with regard to the variables of quanitity, disposal behaviour and perception. 
Appendix D lists the sub-categories of the socio-demographic indices used in the 
statistical analyses. Extrapolation of the sample results to the wider UK population 
was explored using Formula 5.2, following the comparison of ACORN/NS-SEC 
sample data to population data. 
Formula 5.2: P = p/400*24.5E6 
where P = product quantity per head of UK population 
p = total product quantity within the sample 
400 = sample size 
24. 5E6 = number of UK households 
5.1.4 Limitations of survey 
Doorstep surveys of households are generally more likely to sample certain social 
groups over others, such as housewives, students, the self-employed or the 
unemployed, who may be in the home for longer periods of time. Similarly, people 
possessing a greater environmental awareness, social responsibility or willingness to 
complete surveys would be preferentially represented. In order to extrapolate to the 
wider population, it is necessary to assume that persons selected were similar to those 
not interviewed — an assumption that might not be valid in light of the biases described 
above. 
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With sampling confined to the South of England, specifically the south-east, 
extrapolation to the wider population of England is dependent upon the 
representativeness of the area sampled. However, this area of the UK possesses the 
highest mean income for the country, indicative of a higher standard of living and 
hence has the potential to display distinct consumption/disposal behaviour (House of 
Commons 2003). This compromises expansion to a country-wide model. On a more 
local level, a bias towards certain household types existed, with access to 
flats/apartments and larger properties restricted through the operation of security 
systems/controlled access/entry phones. 
The structure of the questionnaire also had limitations. The number of questions and 
sub-sections required co-operation from the interviewee for 15 minutes or more. As a 
result, many refused to participate whilst others visibly tired during questioning, often 
leading to the generation of data of inferior quality. Lack of understanding of the 
question asked, occasionally through poor command of English but more frequently 
through misinterpretation, occasioned prompting by the interviewer and hence can be 
construed as "leading the interviewee". Problems of estimating the quantities of 
certain of the products were common as interviewees often could not remember what 
was owned or used: as a consequence, the quantities stated in most cases were far from 
accurate and there was probably a tendency to underestimation, witnessed on several 
occasions by the interviewers. A common problem emerged with the interviewee 
providing responses they considered to be correct, overlooking their own behaviour 
and perceptions. An occassional response was "if you're asking about it, it must be 
hazardous (to health or the environment)". 
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5.2 	Results of the questionnaire 
5.2.1 Socio-economic structure of survey population 
The composition of the survey sample was compared to the wider population using 
ACORN and NS-SEC, as displayed in Figure 5.2. While over-representation of the 
higher and mid-social groups in both classification systems was evident, the 
distribution patterns of sample and population were sufficiently similar to examine the 
feasibility of extrapolation of product quantities and disposal behaviour from the 
sample to the wider population. Correlation analysis revealed a lack of association 
between the two factors (p>0.05), indicative of the different origins of geo-
demographic ACORN and socio-economic NS-SEC. 
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Figure 5.2: Comparison of ACORN and NS-SEC categories (combined on x-axis) 
obtained for the sample population with those available for the wider UK population. 
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5.2.2 Initial findings: public perception of hazards, product quantities held and 
preferred disposal behaviour 
5.2.2.1 Perception 
The awareness of the respondents to the potential hazardousness of the products was 
evaluated through section one of the questionnaire and the results summarized in 
Figure 5.3. The interviewees generally rated the two non-hazardous inclusions as less 
hazardous than the product groups defined as hazardous in Chapter 20 of the EWC, 
with 77% of people ascribing non-hazardous properties to kitchen left-overs and 88% 
confirming the non-hazardous properties of paper. Responses would therefore appear 
to be considered rather than automatic. Batteries and motoring products were 
considered the most hazardous by the sample population, with 93% and 92% 
respectively affirming the hazardous status of the products. Fluorescent lamps were 
considered to be non-hazardous by 18% of those surveyed whilst many of the 60% 
who assigned hazardous status did so with regard to the risks arising from broken glass 
(rather than mercury content). Thus, the perception of what can be defined as 
"hazardous" varied considerably. 
5.2.2.2 Quantities 
The most commonly held items were oil, paint, computer printer inks, fluorescent light 
tubes and energy-saving bulbs, and various types of batteries as shown in Figure 5.4. 
Expansion of individual household estimates across the survey population yielded half 
a litre of engine oil, over 3 litres of emulsion and 1 litre of solvent-based paint (if 
anomalous amounts are discounted), over half a litre of paint related products (paint 
thinner, white spirit, primer etc.), at least one ink cartridge, three energy-saving light 
bulbs, one fluorescent strip light, eight disposable batteries, four rechargeable and 
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three button batteries per household. Garden products, photographic chemicals, 
chemicals used for vehicle maintenance, with the possible exception of oil and 
antifreeze, and wood preservation substances were less commonly used and stored in 
and around the home, indicating infrequent use or accumulation by few households. 
Pharmaceuticals have been reported on elsewhere (Bound et al. 2006). 
Figure 5.3: Public perception regarding the hazardous/non-hazardous nature of the 
product groups surveyed. Kitchen left-overs and paper scored lower levels of 
perceived hazardousness than the products potentially giving rise to household 
hazardous waste. 
In order to estimate the amounts of such hazardous substances stored in households 
throughout the UK, the mean amount of each product per sample household was 
projected across the estimated UK population of 24.5 million households (Office of 
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National Statistics 2002) using Formula 5.2. The results of this projection are shown 
in Table 5.2. Such an extrapolation must be treated with caution, but does provide an 
indication of the magnitude of the quantities that might exist across UK households. 
For instance, estimates of 80 million litres of emulsion paint, 30 million litres of gloss 
(solvent-based) paint, 13 million litres of engine oil, 34 million ink cartridges, 75 
million fluorescent bulbs and 30 million fluorescent tubes were obtained for UK 
households. The figures were further augmented by the estimates calculated for battery 
use/storage in the UK: with over 200 million general single-use batteries, 100 million 
rechargeable batteries and 75 million button batteries calculated — a considerable 
reserve from which waste could be generated. Resins, adhesives and similar products 
were amassed at high levels, with almost 20 million items estimated to be distributed 
throughout UK households, but often in very small quantities since only 245 tonnes 
were estimated to be in use. 
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Figure 5.4: Mean product quantities per household across the sample population. 
Pharmaceuticals have been reported on elsewhere (Bound et al. 2006). The remaining 
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six product categories were sub-divided into component parts, better representing 
product composition. 
Table 5.2: Quantities of products possessing the potential to become household 
hazardous waste: estimates (see Figure 4.4) expanded to the UK population (based on 
24.5 million households). Pharmaceuticals reported elsewhere (Bound et al. 2006). 
Product Type Extrapolation 
to UK 
/no. of items 
Extrapolation 
to UK /kg 
Extrapolation 
to UK /litres 
Herbicides 9,065,000 2,205,000 
Insecticides/General Biocides 15,925,000 3,920,000 
Pet Deterrents 1,470,000 245,000 
Petcare Products 5,880,000 735,000 
Motor Oil 11,760,000 25,235,000 
Motor Oil (no outlier) 11,515,000 12,985,000 
Oil Filters 1,470,000 
Antifreeze 8,575,000 9,800,000 
Antifreeze (no outlier) 8,330,000 8,330,000 
Brake Fluid 2,205,000 2,205,000 
Engine Additives 735,000 735,000 
Other Motor Products 2,940,000 6,125,000 
Emulsion Paint 88,445,000 
Emulsion Paint (no outlier) 79380000 
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Table 5.2 — (continued) 
Product Type Extrapolation 
to UK 
/no. of items 
Extrapolation 
to UK /kg 
Extrapolation 
to UK /litres 
Solvent-based Paint 54635000 
Solvent-based Paint (no outlier) 30,135,000 
Wood Preservative (Water) 9,065,000 
Wood Preservative (Solvent) 8,820,000 
Tar Oils 2,940,000 
Related Products 18,130,000 
Inks 34,300,000 735,000 
Resins/Adhesives 19,845,000 245,000 
Fluorescent bulbs (energy- 
savers) 75,215,000 
Fluorescent tubes 29,400,000 
General Disposal Batteries 202,370,000 
Rechargeable Batteries 107,310,000 
Button Batteries 75705000 
Photochemicals (grouped) 1,470,000 1,225,000 
5.2.2.3 Disposal 
The survey demonstrated that products across the seven groups were generally 
discarded when empty or when they reach the end of their useful life (for batteries, 
fluorescent lamps and medicines), as seen in Figure 5.5. Few respondents disposed of 
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the product immediately after intended use ("treatment finished"), with 
pharmaceuticals (11% of respondents) and garden chemicals (7%) proving to have the 
highest levels of such disposal. Disposal in general clear-outs was also not favoured, 
with paint and related products (20%) and garden chemicals (17%) having the highest 
levels. This is despite other workers citing clear-outs during spring cleaning etc. as a 
common means of disposing of paint, motor products, and photochemicals (Stevens 
2003). The seven groups differed in the relative proportions of disposal period 
chosen. Householders more commonly claim to dispose of empty containers used for 
motoring products (86%) than empty paint and garden chemical packaging (58% and 
65% respectively). Paints and related products were more frequently disposed of after 
expiry (16%) compared to other groups, except pharmaceuticals (35%). 
Photochemicals were used by very few people, with only seven of the sample 
population possessing at least one type of photographic chemical, but were generally 
used to completion (80%). Fluorescent lamps and batteries were discarded by the 
majority of the sample immediately after they cease to function, with 98% and 97.2% 
of householders adopting this disposal time respectively. 
Further breakdown of product groups into individual products and a more 
comprehensive division of when householders dispose of these items reveals that, 
generally, the disposal period adopted within product groups was fairly consistent 
(Table 5.3). 
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Figure 5.5: Disposal period for the seven groups of products, according to respondents 
preferred time of disposal. 
Table 5.3: Period of disposal for each product sub-category. 
Percentage of respondents adopting disposal period 
(%) 
Product After 
use 
Expired Empty Clear 
outs 
Other 
Herbicides 6 8 66 17 3 
Insecticides 5 9 65 18 3 
Biocides 4 9.5 62.5 21 3 
Deterrents 13.5 13.5 66 18 0 
Petcare 12 12 65 10 0 
Oil 1 6.5 83.5 4.5 4.5 
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Table 5.3 — (continued) 
Percentage of respondents adopting disposal period 
(%) 
Product After 
use 
Expired Empty Clear 
outs 
Other 
Oil filters 26.7 6.7 66.6 0 0 
Brake fluid 0 0 97 3 0 
Engine additives 0 0 92 8 0 
Antifreeze 0 5 90 2 3 
Other products 0 9 73 8 8 
Water-based paint 3 18 50 24 5 
Solvent-based paint 3.5 18 51 24 3.5 
Water-based wood 
preservative 
5 18 56 19 2 
Solvent-based wood 
preservative 
4 17 55 19 5 
Tar oil 0 15 52 21 12 
Related products 2 14 62 18.5 3.5 
Inks 0.4 11 78.2 9.2 1.2 
Resins & adhesives 0.5 16 61 18.5 3.5 
Fluorescent bulbs 0 98 0 0.5 1.5 
Fluorescent tubes 0 98 0 2 0 
General batteries 0 98 0 2 0 
Rechargeable batteries 0 96 0 2.5 1.5 
Button batteries 0 97.4 0 2.3 0.3 
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The most common disposal regimes utilized the general household refuse bin, with up 
to 80% of householders using this method (Figure 5.6). Disposal at waste centres or 
"tips", called civic amenity (CA) sites or, more recently, household waste recycling 
centres, also proved popular, particularly for paint products (26%), motoring products 
(24%), garden products (15.5%) and fluorescent lamps (15%). Photochemicals were 
habitually discarded down the drain (47% of respondents), as per manufacturers' 
advice for small quantities. Pharmaceuticals demonstrate the greatest level of retailer 
return (for clinical waste incineration) with 19% of householders using this method, 
reflecting the availability of the service provided by pharmacies. However, it can be 
assumed that retailer return and giving items away (for re-use) would lead to the 
generation of waste for landfilling. 
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Figure 5.6: Method of disposal for seven product groups. Householders were asked to 
specify their usual disposal regime. If householders' stated that disposal involved 
"empty packaging", the responses were removed to enable evaluation of HHW 
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disposal only — hence columns exempting empty packaging. Reference to "CAS" 
indicates disposal to civic amenity sites. 
As the majority of householders claim to discard empty product containers (Figure 
5.5), removing the 'empty' responses from the analysis permits the examination of 
disposal behaviour involving full or partially filled products, highlighted in Figure 5.6. 
The dynamics for all product groups shift towards CA site disposal. This change was 
particularly marked for motoring products, garden chemicals and paint. Concurrent 
increases in disposal down the drain and through retailer return were seen for 
photochemicals and pharmaceuticals, with less marked use of CA sites. 
Pharmaceuticals in particular demonstrated greater levels of retailer return, with a 
quarter of householders utilizing pharmacy take-back schemes. 
The general patterns between product groups were upheld when divided into 
individual items (Table 5.4), with householders preferring to dispose of HHW items 
within the residual household waste stream. Oil, brake fluid, engine additives and 
miscellaneous motor products were commonly taken to CA sites by householders. 
Printer cartridges and other inks were more commonly returned to the retailer (9%) 
than other paint or related products, for which disposal to the household bin, CA sites 
or a combination of both were practised. Fluorescent tubes demonstrated greater 
levels of disposal to CA site than fluorescent bulbs. More of the sample householders 
would return used button batteries to the retailer than would return general or 
rechargeable batteries, 13% compared to 3% and 6% respectively, reflecting schemes 
widely operated by jewellers and watch repairers. 
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Table 5.4: Individual product disposal methods as specified by householders sampled. 
Percentage of respondents adopting disposal method (%) 
Product Give 
away 
Bin Down the 
drain 
Civic 
amenity 
site 
Return 
retailer 
Other 
Herbicides 2.5 69 3 18 0 7.5 
Insecticides 1.5 73.5 3.5 15.5 0.5 5.5 
Biocides 2 72 4 16 0 6 
Deterrents 4.5 63.5 9 23 0 0 
Petcare 0 82 3 9.5 0 5.5 
Oil 3 62 1 25 6 3 
Oil filters 0 80 0 20 0 0 
Brake fluid 0 65 0 26 3 6 
Engine 
additives 
0 50 0 42 0 8 
Antifreeze 3 70 2 19 2 4 
Other 
products 
0 56 3 26 0 15 
Water-based 
paint 
2 62 1 28 1 6 
Solvent- 
based paint 
2 61 1 30 1 5 
Water-based 
wood 
preservative 
2 60 1 31 1 5 
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Table 5.4 — (continued) 
Percentage of respondents adopting disposal method (%) 
Product Give 
away 
Bin Down the 
drain 
Civic 
amenity 
site 
Return 
retailer 
Other 
Solvent- 
based wood 
preservative 
2 60 1 31 1 5 
Tar oil 0 54 0 39 0 7 
Related 
products 
2 69 1.5 24 0.5 3 
Inks 1 61 0 15 9 14 
Resins & 
adhesives 
1 73.6 0.5 22 0 3 
Fluorescent 
bulbs 
2 77 12 0 9 
Fluorescent 
tubes 
0 74 - 19 1 6 
General 
batteries 
1 86 6 3 4 
Rechargeable 
batteries 
1 79 - 7 6 7 
Button 
batteries 
1 76 7 13 3 
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5.2.3 Further analysis 
Initial correlation analyses were conducted to assess the relationship between 
quantities of products held and their corresponding mode of disposal using the SPSS 
program. Although disposal period and method of disposal with respect to product 
quantities demonstrate significant correlation at the 99% significance level (p=0.01) 
for all but very few of the products, caution must be adopted when drawing 
conclusions from such relationships (Table 5.5). The relationships identified may 
obscure underlying factors with greater influence on product possession, whilst 
correlations might be dominated by the differences between negative (no product, 
hence no disposal) and positive responses. Generally, however, it can be assumed that 
possession of larger product quantities therefore leads to a greater likelihood of 
disposal at a variety of disposal times, including clear-outs, and using methods such as 
retailer return and civic amenity (CA) site disposal. Conversely, low quantities are 
more likely to be used until empty and deposited in the general refuse bin. 
Correlation analyses of socio-demographic data with quantity estimates were carried 
out to investigate possible underlying relationships (Table 5.5). However, the socio-
demographic tools ACORN and NS-SEC demonstrated non-significant correlations 
with product quantities and therefore do not appear to be related to possession of 
hazardous products (Figure 5.7). Other factors, particularly length of residence in the 
house, age and gender of the interviewee, family composition, and possession of 
higher education qualifications, demonstrated positive correlations with product 
quantities. However, the greatest association with product quantity was shown by the 
type of conurbation in which the households occurred; the quantities of products 
possessed increasing as settlement size decreases (urban to rural). 
171 
Table 5.5: Summary of correlation analyses between product quantities and socio-demographic factors, disposal behaviour and 
perception (categories listed in Appendix D). 
Family Residence 	 Disposal Disposal 
QUANTITIES 	ACORN NS-SEC Gender Age 	type 	time 	Settlement Education period method Perception 
Herbicides 
Insecticides 
Biocides 
Animal deterrents 
Petcare 
Motor oil 
Oil filters 
Brake fluid 
Engine additives 
Antifreeze 
Other motor products 
Water-based paint 
Tar oil 
Solvent-based paint 
** (+) 	** (+) 	** (+) 	** (+) 	 ** (+) 	** (+) 
** (+) 	** (+) 	** (+) 	** (+) 
* (-) 	 * (+) 
Table 5.5 — (continued) 
Family Residence 	 Disposal Disposal 
QUANTITIES 	ACORN NS-SEC Gender Age 	type 	time 	Settlement Education period 	method Perception 
Water-based wood 
preservatives 
Solvent-based wood 
preservatives 
Paint related products 
Inks 
Resins and adhesives 
Fluorescent bulbs 
Fluorescent tubes 
General batteries 
Rechargeable batteries 
Button batteries 
Photochemicals 
Pharmaceuticals 
** (_) 
** (_) 
* (-) 
** (_) 
* (-) 
* (-) 
* (-) 
** (_) 
* (+) 
* (+) 
* (-) 
** (+) 
* (-) 
** (..) 
* (-) 
* (+) 
* (+) 
** (+) 
** (+) 
** (+) 
* (-) 
** (_) 
** (+) 
** (+) 
* (+) 
* (+) 
* (+) 
** (+) 
** (+) 
* (+) 
* (+) 
** (+) 
** (+) 
** (±) 
** (+) 
** (+) 
** (+) 
** (+) 
** (+) 
** (+) 
** (±) 
** (+) 
** (+) 
** (+) 
** (+) 
** (4.) 
** (+) 
** (±) 
** (+) 
** (+) 
** (+) 
** (+) 
** (+) 
** (+) 
** CO 
** (+) 
** (+) 
** (±) 
** (+) 
** (±) 
** (+) 
* significant correlation at 95% confidence level (p = 0.05) (+) positive correlation 
** significant correlation at 99% confidence level (p = 0.01) (-) negative correlation 
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Disposal time and method also reflect this socio-demographic pattern. Residence 
length in a particular household and conurbation type were more relevant and 
therefore more viable model constructs to determine disposal behaviour. The greater 
the period of time spent in a particular household and/or the smaller the size of the 
settlement, the greater the variation in disposal habits practised by its residents. While 
disposal with residual household waste remains popular for city-dwellers and residents 
who have lived in their households for less than two years, villagers and more static 
householders favour retailer return, donations and disposal at CA sites at more varied 
disposal periods. 
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Figure 5.7: Mean product quantities across the five ACORN profile groups. 
"Wealthy achievers" possess greater mean quantities of products containing 
hazardous properties, whilst "moderate means" demonstrate high levels of paint and 
related products possession. "Urban prosperity" tend to low levels of most 
potentially hazardous products. 
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5.3 	Sales-storage-waste pathway 
Comparison of the amounts of products used/stored within households with the results 
of direct analysis studies of HHW and sales assessments can contribute to the 
evaluation of the product-to-waste pathway. The results of this project together with 
other studies and reports of HHW disposal and sales are compared in Table 5.6. It can 
be hypothesized that, for most of the product groups listed in Table 5.6, 
volume/weight will decline along each step of the pathway sales > store (use) > waste; 
the exception being non-depletable items (batteries, fluorescent lamps etc.). Once 
purchased and used initially, items may then enter prolonged storage periods before 
further use or disposal. If this is the case, then the estimated storage quantities, 
assuming no further use, will provide estimates of the waste discarded several years 
after purchase. The survey results can be seen to provide a worst-case scenario for the 
disposal from households of hazardous products i.e. that disposal occurs at one time. 
Consideration of this "worst-case" scenario will be useful for waste management 
authorities as it represents the maximum amount of HHW that can be discarded at any 
one time. 
The sales and waste figures in Table 5.6 are fairly consistent, with sales greater than 
waste estimates. Similarly, the waste estimates are lower than the stored amounts. 
The anomaly lies in the comparison between sales and stored quantities. As the sales 
figures quoted are per annum, this is consistent with storage over long periods and 
accumulation of numerous purchases over a number of years. Thus, whilst paint 
effectively represents the sales>store(use)>waste pathway, pesticides and rechargeable 
batteries reveal the anomaly of greater storage quantities. All other product groups 
listed lack the data necessary to complete this pathway. In addition, storage time prior 
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to disposal is a crucial factor in determining likely annual disposal rates. The stored 
amounts calculated here could be disposed of in one year or over the course of several 
years, which will have an effect on the potential environmental and health risk of 
HHW. Various models could be developed to predict the link between purchase, 
use/storage and disposal, forming a mass balance. However, there are limitations in 
the availability of data, particularly with regard to waste generation, and the 
complexity of the product groups that contribute to HHW. As such, it is important to 
obtain consistent data regarding the quantities of HHW, including the numerous sub-
categories as described in Chapter 3, discarded and potential amounts disposed of to 
landfill. A study is described in Chapter 6 that seeks to achieve this end, assessing, 
among other objectives, the validity of the associations identified herein. 
Table 5.6: Quantities of products forming HHW obtained from waste inventories and 
sales reports demonstrating purchased-stored-disposed values, the pathway depicted in 
Figure 5.1. Data were not available for all products, such as pharmaceuticals and 
petcare. 
Product 
	
UK sales estimates Results of this 	UK waste estimates 2 
per year 1 	 project — Stored 
Pesticides and 	4,893 tonnes 	6,125 tonnes 	3,029 tonnes]  
similar 
Herbicides 	4,293,000 litres 
Insecticides 	193,000 litres 
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Table 5.6 — (continued) 
Product 
	UK sales estimates Results of this 	UK waste estimates 2 
per year I 
	
project — Stored 
109,515,000 litres 
(110,000 tonnes5) 
12,985,000 litres 
(13,000 tonnes5)  
37.5 million litres 
40,000 tonnes3  
37,925 tonnes 
30,000 tonnes 
50,000 tonnes 
Paint 
	
300-500 million 
litres4 
Oil 	 131,000,000 litres 
Wood 
preservatives 
Fluorescent 
lamps 
Single-use 
batteries 
Rechargeable 
batteries 
Button batteries 
Photochemicals 
15,000 tonnes4 
11 million units 
7 million units 
564.2 million units 
450 million units 
22.8 million units 
71 million units 
14.2 million units 
42 million units 
20,825,000 litres 
with tar oils 
(20,000 t5); 
17,885,000 litres 
without tar oils 
(18,000 t5) 
104,615,000 units 
202,370,000 units 
107,310,000 units 
75,705,000 units 
1,275 tonnes 
80 million units4 
272 tonnes 
1References: pesticides (Crop Protection Association 2002); herbicides and 
insecticides (Mintel Reports 2003); oil (Save Waste and Prosper Ltd 1998); paint 
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(Hunt 1999); wood preservatives (Environmental Data Services 2003); fluorescent 
lamps (Gendebien et al. 2002; Mintel Reports 1999); single-use and rechargeable 
batteries (Mintel Reports 2002; National Household Hazardous Waste Forum 1999); 
button batteries (National Household Hazardous Waste Forum 2000). 
2  References: pesticides (Department for Environment, Transport and the Regions 
1999; Gendebien et al. 2002); oil (Department for Environment, Transport and the 
Regions 1999; Save Waste and Prosper Ltd 1998; Pendle and Poll 1993); paint 
(Department for Environment, Transport and the Regions 1999; Gendebien et al. 
2002; National Household Hazardous Waste Forum 1996); fluorescent lamps (O'Leary 
2003); photochemicals (Gendebien et al. 2002). 
3 England and Wales only. 
4  Includes commercial and industrial waste streams. 
5  Based on 1,000 litres of distilled water = 1 tonne. Paint and oil are more dense, with 
fewer litres per tonne. 
5.4 Summary 
Through a questionnaire format, it was possible to estimate the amounts of hazardous 
products used or stored within a sample of UK households and the potential pathways 
adopted for the disposal of these products as HHW. Representatives of 400 
households from south-east England were interviewed about socio-demographic 
factors, perception of the risks associated with the disposal of hazardous waste 
generated in households, quantities of particular products currently in use or stored 
within the household, and times and methods of disposal of such products. An 
extrapolation of the data from sample to UK population was attempted which, despite 
178 
the usefulness of the information provided, must be treated with caution. The 
estimates of quantities obtained were compared with sales figures and waste estimates 
to improve understanding of product flow through to the HHW stream. The disposal 
routes investigated demonstrated that most householders claim to use the entire 
product prior to disposal in the general refuse bin. The relationship with socio-
demographic factors demonstrated a difference between neighbourhood size and 
length of residence in a household with regard to product quantities possessed and the 
disposal habits adopted. As such, it was suggested that people living in rural or low 
housing density conurbations for periods longer than two years were more likely to 
possess greater amounts and variety of products forming HHW, discarding these items 
using a combination of disposal routines. 
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CHAPTER SIX 
"People say I'm extravagant because I want to be surrounded by beauty. But tell me, who wants to be 
surrounded by garbage?" - Imelda Marcos (1929- ) 
FURTHER ANALYSIS OF HOUSEHOLD HAZARDOUS WASTE 
COMPOSITION, QUANTITIES, DISPOSAL ROUTES AND  
PATTERNS OF GENERATION  
Whilst the questionnaire format used to assess levels of household hazardous products 
with the potential to form household hazardous waste (HHW) described in Chapter 5 
provides useful information, it does not assess the amounts of waste generated. Also, 
the questionnaire approach assumes that perceptions of quantities and disposal reflect 
actual behaviour. As a consequence, an assessment of the actual amounts disposed is 
necessary to describe current HHW disposal practices in the UK. 
Most waste studies, particularly those relating to HHW, have analysed waste from 
municipal solid waste (MSW) collections delivered to waste disposal depots. This 
procedure provides a mechanism to determine the ratio of HHW to MSW but does not 
adequately describe the HHW disposal pathway. Not all HHW will be disposed 
alongside MSW, with a proportion disposed of by other means such as recycling/re-
use facilities, delivery to household waste recycling centres/civic amenity sites 
(colloquially called the 'tip') and drain/sewer disposal. Also, it has been hypothesized 
that waste production is influenced by the socio-economic status of households (Bach 
et al. 2004; Chang and Lin 1997; Dennison et al. 1996a; Dennison et al. 1996b; 
Flowerdew and Parfitt 1994; Medina 1997; van der Wijst and Groot-Marcus 1999). 
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Once waste has been collected through a MSW collection, it is difficult to relate back 
to the originating households. 
Two methodologies can therefore be developed. The first requires the delivery of 
marked bin bags to households for use in place of their usual disposal receptacle. 
Alongside normal MSW collection, the bags can be removed for analysis without 
losing the reference point of a particular household. The ratio of HHW to MSW can 
therefore be accurately assessed and prevents the loss of sociological data. However, 
the analysis is highly time-consuming, requires considerable collaboration with 
disposal authorities, and fails to detect HHW quantities disposed by other means. 
Alternatively, households can be provided with a special bin in which to place HHW 
for disposal. This methodology avoids many of the health-and-safety issues that are 
associated with hand sorting of un-segregated MSW, reduces the likelihood that 
household association is lost, is less time-restrictive due to householders sorting the 
waste first, includes all waste disposal routes including delivery to civic amenity (CA) 
sites, and is less cost-intensive by eliminating the need for intensive collaboration 
with waste disposal authoritites. The methodology does, however, reduce the 
accuracy of HHW:MSW estimates and may encourage householders to spring clean 
their homes of stored items falling within the HHW category. 
6.1 	Methodology for the collection of 1111W generation and disposal data 
Adopting the latter method, 535 plastic bins with lockable lids and a 35-litre capacity 
were provided to householders in three areas of the south-east of England during 
Summer 2004 (Figure 6.1). According to McCall (1982), a large population need not 
require a large sample size and a minimum sample size of 384 can be considered to be 
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adequately representative of a population size numbering several million individuals. 
Such a sampling strategy has been successfully applied to other, similar waste studies, 
including the questionnaire study reported in Chapter 5 (Dennison et al. 1996a). By 
adopting a sample size considerably higher than the minimum, error effects 
attributable to low sample size may be avoided. 
Figure 6.1: The 35-litre capacity MINIMAX bin with lockable lid, as provided to 
householders participating in the study. Locking function operates using the bin 
handle — the bin pictured has been locked. Bins, provided in blue, green and brown, 
were manufactured by Mattiussi Ecologia srl, Italy and purchased from Straight plc, 
UK (Mattiussi Ecologia 2004; Straight 2004). Note position of information notice on 
bin lid. 
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The sampling sites, in Reading (Whitley, Earley, Lower Earley and Woodley), 
London (Chiswick, Stamford Brook, Brentford, Little Ealing, and Hounslow West) 
and Oxfordshire (Abingdon, Blackbird Leys, Headington and Woodstock), were 
selected based upon logistical practicalities, local authority willingness to participate 
in the project, and the socio-economic structure of households (compared to the 
national average). The locations of the sampling points within the three selected areas 
were identified using A Classification of Residential Neighbourhoods (ACORN) 
(Chapter 5). A distribution reflecting the social composition of the UK was sought in 
each area wherever possible but at least across the different locations. Other factors 
that have been demonstrated to be relevant to MSW disposal, and the storage of 
products forming HHW (Chapter 5), were also considered: level of urbanisation, 
traditional socio-economic indicators, type of MSW collection, distance from civic 
amenity site etc. 
Trained personnel sought participation from households in the locations identified 
using "door-step" recruitment. The schedule developed for the study prevented prior 
publicity of the project and hence participation relied on the willingness of 
householders to volunteer. Very few of the householders approached were reluctant 
to participate, with many appreciating the nature of the work, the offer of a free bin 
and waste collection service, and entry into a prize draw. A coded bin was provided 
to the householder on recruitment, along with the collection dates, an initial 
questionnaire, sampling bags, and a participation agreement form which outlined their 
responsibilities to the project and provided general health and safety advice 
(Appendix E). Cross-reference of bin code with household enabled the separation of 
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confidential details provided by the householder (contact information) from the waste 
data collected. 
Each bin lid carried a weatherproof list of acceptable/unacceptable wastes and 
disposal instructions (Appendix E). Due to the potentially reactive nature of the 
wastes involved, it was deemed necessary that each item or similar group of items 
disposed of be first placed in a thick sealable polythene bag. Three bag sizes (15x23 
cm, 28x41 cm, 38x51 cm) were provided together with large, labelled transparent 
polythene bin liners used to protect the bin from spillages and for easy removal of the 
contents. Indelible ink was used to mark each bin liner with the relevant bin code, 
aiding identification when contents were analysed. 
The items sampled generally conformed to the hazardous entries in Chapter 20 of the 
European Waste Catalogue (EWC) (European Commission 2000). However, the size 
of the bins, the potential risks to waste handlers, and classification ambiguity 
prevented a number of waste types from being collected. Acids, alkalis and solvents 
are listed in the EWC as absolute hazards (hazardous regardless of content) but are 
generally not found in HHW in undiluted form, rather as the principal hazards in a 
range of product groups including paint, adhesives, inks, household cleaners, vehicle 
maintenance products etc. As such, reference was made to the product groups rather 
than to the ingredients. Naming of product groups rather than composition likely to 
render a waste item hazardous assisted householders' identification of HHW. Waste 
electrical and electronic equipment (WEEE), lead acid batteries, used engine oil, and 
any item in damaged or leaking containers were excluded from the study due to size 
and/or health and safety concerns. Other items were specifically included although 
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not listed in the EWC — household cleaners, pet care products and pharmaceuticals. 
Solvent- or acid/alkali- based household cleaners can be considered absolute entries 
despite the absence of direct reference in the EWC. A list of the items collected is 
provided in Table 6.1. Generally, the HHW groups comprised all batteries except 
lead-acid, all DIY related products if in original packaging, vehicle maintenance 
product except used oil or similar, all pesticides including those now illegal, pet care 
and pharmaceuticals if not illegal substances or clinical waste (syringes, swabs, 
dressings), photochemicals in original packaging, selected household cleaners such as 
oven cleaners, metal/wood polish, shoe/leather cleaner, and printer/ink cartridges. 
Any estimates of HHW production within the UK obtained from the results of this 
study should, therefore, consider the individual waste categories included as HHW. 
The initial collection was timed for two weeks after bin delivery, towards the end of 
summer. A short time interval was initially adopted to enable any 'teething problems' 
to be identified and rectified immediately. It was supposed that many householders 
may embark on a clear-out of stockpiled products forming HHW before the novelty of 
the project declined. The results of the initial collection were examined separately 
from the other collections as a consequence of sampling period variation and the 
perceived risk of clear-outs. Three further collections at ten weekly intervals were 
then scheduled, from autumn to mid-spring, enabling temporal/seasonal variations in 
HHW to be detected. Householders were informed of collection dates at project 
initiation, with reminders issued prior to and at each collection. 
Individual waste items were recorded in the relevant category (Table 6.1) along with 
details of product type and brand/manufacturer, age of product, active or other 
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ingredient rendering the waste hazardous, original volume/mass, volume/mass of 
substance remaining, and gross weight (important for non-depletable items such as 
batteries). Data were recorded in Excel spreadsheets and analysed using Excel and 
SPSS programs (Microsoft 1997; SPSS Inc. 2002). 
Wherever possible after analysis, the waste collected was recycled or distributed for 
re-use. As such, batteries were collected for re-processing (G&P Batteries 2005), 
clean cardboard/paper packaging and oil collected for recycling at local CA sites, 
toner/ink jets sent for recycling (Royal Society for the Protection of Birds Recycling 
Appeal 2005), and usable paint deposited at a Community Re>Paint scheme 
(Community Re>Paint 2004). Where no appropriate alternative existed, the HHW 
samples were disposed of under a site disposal licence or through CA sites with local 
authority co-operation. 
Two questionnaires were delivered to the participating households prior to the initial, 
`trial' collection and at the fourth and final collection (Appendix E). Combined with 
the results of the collections, the questionnaires were designed to assist in the 
assessment of patterns of HHW generation by different householders. Householders 
were asked to complete the survey forms and return them in the stamped addressed 
envelopes provided. Both forms contained some degree of overlap, particularly 
questions pertaining to HHW perception and disposal behaviour. However, whilst the 
initial questionnaire sought to gather socio-demographic information from the 
householder, the final questionnaire sought householders' perceptions of the study to 
interpret levels of co-operation and query the possible disposal of HHW by means 
other than the HHW bin. The final questionnnaire also assisted in the evaluation of 
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WEEE production and whether the householder had used the bin to discard large 
amounts of hoarded products ("clear-outs"). As a result, return of the initial 
questionnaire was important to enable socio-demographic comparison with waste 
quantities and extrapolation to the UK population. The design of the questionnaires 
was such to enable comparison with the results described in Chapter 5. However, the 
sample populations used in the two studies were not the same and hence not directly 
comparable, unless as sub-sets of the UK population. 
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Table 6.1: The key HHW categories collected during the study, with hazard 
classification as defined by Annex III of the Hazardous Waste Directive 
(91/689/EEC) (see Box 2.1). 	This legislation does not consider household 
pharmaceutical waste to form hazardous waste. 
HHW Category 	Project Coding 	Hazard Classification 
Primary cell batteries 	A1.1 Non-hazardous 	H3A; 146; H14 
A1.2 Hazardous' 
Secondary cell batteries 	A2.1 Non-hazardous 	H5; 116; H7; H10; H11;1414 
A2.2 Hazardous 
Water-based paint 	B1.1 Non-hazardous 	H4; H5; H8; H14 
B1.2 Hazardous 
Solvent-based paint 	B2 Hazardous2 	H3A/B; H4; H5; H6; H7; H14 
Other DIY preparations 	B3.1 Non-hazardous 	H3A/B; H4; 115; H6; H7; H8; 
B3.2 Hazardous 	H14 
Wood biocides and 	B4 Hazardous 	144; H5; H7; H14 
preservatives 
Engine oil (unused only) 	Cl Engine oil 	145; H7; H14 
Greases/lubricants 	C2 Greases/lubricants H5; H7 
Antifreeze/coolant 	C3 Antifreeze/coolant H3A/B; H4; H5; H6; 147; H14 
Brake fluid and similar 	C4 Brake fluid and 	H3A/B; 144; H5; H6; 147; H14 
similar 
Degreasants and other 	C5 Degreasents 	114; 145; H7; H14 
cleaners 	 C6.1 Non-haz other3  
C6.2 Haz other3  
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Table 6.1 - (continued) 
HHW Category 	 Project Coding 	Hazard Classification 
Pesticides (incl. herbicides, D1 Rodenticide 	H4; H5; H6; H7; 1114 
insecticides) 	 D2 Molluscide 
D3 Insecticides 
D4 Herbicides 
D5 Fungicide 
D6 Pesticide 
combinations 
General Sales List (GSL) 	F1.1 Non-hazardous 	H5; H6; H14 
treatments incl. flea powder F1.2 Hazardous 
Veterinary medicines 	F2 E.g. worming 	N/A 
tablets 
Human pharmaceuticals 	G1-114 
	
N/A 
Photochemical — developers HI Developing fluid 	H3B; H4; H5; H6; H7; 1-18; 
& fixers 	 H2 Fixer 	 H11; H12; H14 
Household cleaners/polish J1 Oven/stove/ceramic H3A/B; H4; 1-15; H7; H8; H14 
(oven/stove/metal/wood/ 
	
J2 Metal/wood 
leather) 
	
J3 Leather/suede 
(shoe) 
Ink jet cartridges/ Toner 	K1 Ink jet 	 1-15 
K2 Toner 
'Due to mercury content. 
2All solvent-based waste can be considered hazardous under 20 01 13 and, for 
solvent-based paint, 20 01 27. 
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3Vehicle body care products e.g. vehicle wash, screen-wash, wax, adhesives, etc. 
4G1=analgesics; G2=antibiotics; G3=B-blockers; G4=anti-epileptics; G5=lipid 
regulators; G6=antidepressants; G7=hormone treatments; G8=antihistamines ; 
G9=cancer treatment; G10=antifungal creams/lotions; G11=asthma (inhalers). 
The various socio-demographic factors sought were: 
■ house type (detached, semi-detached, terrace, cottage, detached bungalow, 
semi-detached bungalow, purpose-built apartment, high-rise apartment, 
apartment in converted house, maisonette, bedsit, caravan/temporary structure, 
commercial building); 
■ tenure type (owner/occupier, rent from housing association/council/private 
landlord); 
■ length of time lived in the particular household (in years); 
■ number of people living in the household; 
■ family composition based on age and gender of householders (retired — single; 
retired — two adults; one adult; two adults; three or more adults; single parent 
family; two adults with children; three plus adults with children (including 
three generations)); 
■ occupation (various provided); 
■ National Statistics Socio-Economic Classification (NS-SEC) based upon 
occupation and employment status (managerial-professional, intermediate, 
self-employed, lower-supervisory, semi-routine/routine); 
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■ post code for ACORN verification and settlement type interpretation (wealthy 
achievers, urban prosperity, comfortably off, modest means, hard pressed all 
within rural or urban areas); 
■ ownership of vehicle (car or motorbike), garden, and/or pet; 
■ enthusiasm or need for DIY. 
Also, municipal solid waste (MSW) production levels in each household were 
requested to provide a comparable basis for HHW generation levels. Collection type 
(black sack, wheelie bin, or other method) was recorded, as was production level 
estimated by the number of filled waste collection vessels, number of visits made 
every year to CA sites (referred to by the colloquial name, the 'tip', in the 
questionnaires), and distance to the nearest CA site. 
All data were entered into Excel spreadsheets and copied into SPSS version 11.5 for 
manipulation and analysis (SPSS Inc. 2002). The spreadsheets were designed to 
enable analysis of questionnaire data alongside data collated from waste collections. 
6.2 	Results of the 1111W collections 
6.2.1 Participation 
London was the main area of participation, with 228 bins delivered to participating 
households. Households in Oxfordshire received 170 bins whilst 137 participants 
were recruited in Reading and its surroundings. The households recruited tended to 
over-represent ACORN categories 1-3 and hence underestimate the lower categories 
`moderate means' and 'hard pressed' (Figure 6.2). The 'unidentified' category relates 
to households without an ACORN classification such as student halls of residences, 
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commercial properties, or institutions. The ACORN distributions of the sample and 
UK populations do not demonstrate a significant correlation, despite apparent 
proportional similarities between the categories 'wealthy achievers' and 'comfortably 
off. 
Of the questionnaires distributed, 75% of the initial questionnaires and 61% of the 
final questionnaires were completed and returned. Response rates in the three areas 
differed slightly, such that Reading demonstrated the highest proportional return (82% 
of householders) for initial questionnaires and Oxfordshire the greatest (67%) for the 
final form. As Figure 6.2 demonstrates, responses were achieved from all ACORN 
categories. 
Over 86% of the households recruited actively participated in the project. A further 
2% asked to be removed from the project over the course of the collections whilst the 
remaining 11% failed to leave their bin out on any of the collections and did not 
return either questionnaire. However, not every household participated in each 
collection, resulting in a high number of "no bin" records (Figure 6.3). This 
proportion was dynamic, with "no bin" households placing their bin out for previous 
or subsequent collections. As Figure 6.3 reveals, bin presence/absence was fairly 
consistent over the four collections although presence/absence of waste varied such 
that more households disposed of HHW at the second collection. Across the three 
areas, the results were very similar although London recorded a slightly higher 
proportion of empty to HHW-containing bins. As it was unclear whether households 
failing to display their bin on any of the collections did so through apathy, 
forgetfulness (despite regular reminders) or simply failed to generate HHW, all such 
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6.2.2 Waste quantities collected 
Information was collected regarding number of individual waste products (items) 
collected, gross weight of item (with packaging), original weight/volume (as stated on 
packaging), and weight/volume of product remaining. A detailed database of entries 
was therefore generated, with total values based on the sum of the last three 
collections (initial collection regarded as a trial-run/household clear-out step). These 
data are shown in Table 6.2 and Figure 6.4. Not all parameters were achievable for 
each HHW category but a final estimate of HHW amount is possible based on gross 
weight measurements. 
Dry cell batteries represent the most frequently collected, and hence generated, waste 
category. Of the two broad categories considered, primary (non-rechargeable) cells 
(Al) greatly exceeded secondary (rechargeable) battery (A2) production (Table 6.2 
and Figure 6.4). In total, 95% of the 4,885 batteries collected in the final three 
collections were primary cells, although only 3% were hazardous due to elevated 
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mercury content (A1.2). This compares to over 60% of secondary cells, with nickel-
cadmium content (A2.2) permitting hazardous classification. In unit and weight 
terms, 7% of the batteries collected (426 cells or 1 lkg) were hazardous due to 
mercury and/or nickel-cadmium content. 
By weight, paint and related DIY products represented the most commonly generated 
HHW category. Approximately 700 kg of paint were collected in the final three 
collections (plus more than 230 kg in the initial collection), 47% of which fell within 
the hazardous minor entry for paints and similar products 20 01 27. A similar 
distribution for hazardous and non-hazardous DIY products was also seen. Whilst 
water-based paint (B1), including water-based hazardous paint (B1.2), dominated 
with over 185 litres (43%), solvent-based paint (B2) demonstrated elevated levels at 
150 litres (35%). In the initial collection, this pattern was reversed. On a unit basis, 
more containers of solvent-based paint were generated than any other category, 
although containers tended to be smaller than for other paint and DIY products 
(Figure 6.4). 
Unused engine oil (C1) was the major sub-group of vehicle maintenance products, 
equating to almost 40% of the volume and weight generated in this group, followed 
by antifreeze/coolant (C3), solvent-based body care waste (C6.2), and 
greases/lubricants (C2). The predominance of oil would be greater if used engine oil 
had also been included. However, on an individual product basis, the number of 
vehicle body care items exceeded all other vehicle-related waste (Table 6.2). Most of 
these products can be considered to be hazardous through solvent or acid/alkali 
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content, even if not strictly listed in Chapter 20 of the EWC. Overall, only about 6% 
of vehicle-related waste in the sub-groups considered was non-hazardous. 
Pesticides were disposed of less frequently than DIY products, batteries, and vehicle-
related waste. Nevertheless, 117 individual items, contributing over 30 kg of 
pesticide waste, were gathered in the final three collections, equating to approximately 
25 litres. Almost 60% by weight of the pesticides collected were herbicides 
(including algicides and mosskillers), whilst insecticides (including acaricides) 
accounted for less than 30% (Figure 6.4). However, more individual insecticide items 
were disposed as opposed to herbicides (Table 6.2). Pesticides differ from the groups 
thus far discussed due to absolute hazard status provided by the EWC under the code 
20 01 19 i.e. hazardous regardless of content. A number of now banned pesticides 
were also collected during the course of the project, reinforcing the degree of 
hazardousness inherent in this 1111W category. 
At a gross weight total of over 2 kg, pet care was one of the smallest HHW categories 
sampled, reflecting the small product sizes sold (Table 6.2). The highest proportion 
(almost 70%) consisted of flea/tick treatments containing insecticide (e.g. fipronil, 
permethrin etc.). Over 15% of pet care consisted of veterinary medicines other than 
flea/tick treatments, with the remaining items listed as non-hazardous ectoparasitic 
treatments (herbal shampoos, etc.). 
A problem with all pharmaceuticals, whether veterinary or human, is the relative size 
(mass/weight etc.) of the units involved compared to other 1-111W categories. 
Packaging can often contribute greater mass than the medicine content. Hence, 
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pharmaceuticals were recorded by weight of active ingredient rather than gross 
weight. Over 1.7 kg of pharmaceutical waste corresponding to the eleven G 
categories listed in Table 6.1 were recorded using the active ingredient method for the 
final three collections. Analgesics, particularly paracetamol, contributed significantly 
to this amount. Antibiotics were the second most noteworthy quantity, accounting for 
14% of the pharmaceutical load. A further 0.5 kg, including travel sickness tablets 
(cinnarizine and hyoscine), head lice treatment, and hydrocortisone cream, did not 
approximate to any of the G categories. A number of herbal remedies and vitamin 
tablets were also collected. Further analysis is provided by Bound and Voulvoulis (In 
Preparation). 
Photochemical waste represented the smallest waste category over the last three 
collections: inclusion of the initial collection boosts the quantity collected (Table 6.2). 
More fixer (H2) was disposed of than developing fluid (H1) in the final three 
collections (Figure 6.4). Only six households disposed of this waste and hence 
represented the least commonly disposed, and possibly used, HHW category. 
Household cleaners take many forms but it is recognized that some are more 
hazardous than others. As such, oven cleaners (J1), metal and wood polish (J2), and 
leather/suede cleaner (e.g. shoe polish) (J3) are generally recognized as falling within 
the more hazardous group due to solvent, acid or alkali content. Other "cleaners" can 
also be included in this category but were excluded from the study due to their often 
ambiguous product names (e.g. mildew removal products etc.) In the final three 
collections, oven cleaners represented 42% of the total weight of cleaners collected, 
compared to 31% metal/wood polish and 27% shoe (leather/suede) polish (Table 6.2). 
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However, more individual items of shoe polish were collected compared to other 
cleaner products. If the initial collection is included, the amounts of oven cleaner 
disposed of more than doubles. 
Whilst not listed as a separately hazardous entry in the EWC, ethylene glycol content 
in printer ink does render the waste hazardous. Despite well-publicized return 
mechanisms for such waste, 119 cartridges were collected in the final three 
collections. Whilst 93% of cartridges were ink jet derived, toner cartridges represent 
64% by weight (Figure 6.4 and Table 6.2). 
Across the four collections, 1.3 tonnes of waste were collected of which 974 kg 
derived from the final three collections. Assuming that the waste arising in the final 
collections derived from participating households over a thirty week period, it was 
determined that the sample population discarded 3.6 kg/household/year. This figure 
does not include WEEE or other HHW categories excluded from the study, and is 
heavily skewed through the inclusion of packaging materials. It also assumes that 
waste clearouts operating during the project were representative of real-time disposal 
events. 
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Table 6.2: Waste collected across the four collections (initial after two weeks, final 
three collections over a 30-week period), per waste sub-category. 
Waste Category and Code Initial collection Final three 
(hazardous unless otherwise stated) only /kg collections /kg 
Primary cells - non-hazardous (A1.1) 15.5 134.2 
Primary cells - hazardous (A1.2) 0.9 3.9 
Secondary cells - non-hazardous (A2.1) 1.5 4.2 
Secondary cells - hazardous (A2.2) 5.3 7.1 
All batteries - A 23.1 149.5 
Water-based paint - non-hazardous (B1.1) 85.6 314.6 
Water-based paint - hazardous (B1.2) 8.5 17.6 
Solvent-based paint - (B2) 97.9 235.1 
DIY preparations - non-hazardous (B3.1) 12.6 43.7 
DIY preparations - hazardous (B3.2) 29.9 72.7 
Wood treatments - (B4) 1.8 14.9 
All paint and DIY waste - B 236.3 698.6 
Engine oil - Cl 7.4 23.2 
Greases/lubricants - C2 3.0 6.6 
Antifreeze/coolant - C3 6.7 9.2 
Brake fluid and similar - C4 2.4 1.9 
Degreasers and similar - C5 0.4 2.8 
Vehicle cleaners - non-hazardous (C6.1) 1.9 3.3 
Vehicle cleaners - hazardous (C6.2) 4.8 10.9 
All vehicle-related waste - C 26.6 58.0 
Rodenticides - D1 0.5 0.4 
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Table 6.2 - (continued) 
Waste Category and Code 
(hazardous unless otherwise stated) 
Initial collection 
only /kg 
Final three 
collections /kg 
Molluscides - D2 0.08 2.7 
Insecticides - D3 5.9 9.9 
Herbicides - D4 6.3 18.8 
Fungicides - D5 3.1 2.1 
Combinations - D6 0.8 0.4 
All pesticide waste - D 16.7 34.4 
General Sales List - non-hazardous (F1.1) 0.02 0.3 
General Sales List - hazardous (F1.2) 1.8 1.5 
Prescription only - F2 0.05 0.5 
Cytoxic or cytostatic - F3 0 0 
All pet care waste - F 1.9 2.3 
All pharmaceutical waste - G 0.4 1.7 
Developing fluid - Ill 1.5 0.2 
Fixer - H2 1.6 1.3 
All photographic chemical waste - H 3.0 1.5 
Oven/ceramic cleaner - J1 7.5 5.3 
Metal/wood cleaner - J2 1.3 3.9 
Leather/suede cleaner - J3 1.9 3.3 
All household cleaner waste - J 10.7 12.5 
Ink jet - K 1 1.1 5.7 
Toner - K2 0 10.0 
All printer inks/cartridges - K 1.1 15.7 
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6.2.3 Mean waste amounts per household 
Mean rates of generation per household for each of the nine waste categories were 
determined from the sample population (Table 6.3). A sample household can be 
estimated to produce 10.51±0.72 (mean ± standard error; n=465) battery cells during 
the thirty week observation period. An average of 1.50±0.11 (mean ± standard error; 
n=465) kg of paint and DIY products, inclusive of packaging materials (gross weight), 
can also be estimated per household across the sample period. All other categories 
were produced in much lower amounts. 
Mean values have also been determined for purchased mass of product and the 
quantity disposed of excluding packaging (net weight), where appropriate (Table 6.3). 
It would appear that approximately 60% of depletable products were used prior to 
disposal. However, empty containers were not collected during the study and usage 
estimates should be used with caution. Comparisons of net and gross quanities 
indicate that up to 50% of the waste mass may be packaging materials. This figure 
varies considerably between waste streams and should be treated as a generalisation. 
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Figure 6.4: Gross weight of HHW samples from all collections. Note that initial collection results were excluded from much of the analysis. 
HHW category codes explained in Table 6.1. 
HHW categories 
Table 6.3: Mean quantities of batteries (A), paint and DIY (B), vehicle product waste 
(C), pesticides (D), veterinary waste (F), pharmaceuticals (G), photochemicals (H), 
household cleaners (J) and printer inks/cartridges (K) per household based upon 
amounts collected from sample households over a 30-week period. 
Per household /kg or items 
Code 	Original 	SE* 	Product SE* Gross weight SE* No. of 	SE* 
product 	 remaining 	(incl. 	 items 
quantitiest 	at 	 packaging) t 	(units) 
disposal- 
A1.1 0.289 0.010 9.327 0.314 
A1.2 0.008 0.005 0.622 0.191 
A2.1 0.009 0.001 0.267 0.165 
A2.2 0.015 0.009 0.295 0.112 
A 0.322 0.026 10.510 0.721 
B1.1 1.048 0.086 0.368 0.041 0.677 0.082 
B1.2 0.039 0.032 0.029 0.022 0.038 0.013 
B2 0.703 0.104 0.323 0.050 0.506 0.101 
B3.1 0.134 0.048 0.071 0.029 0.094 0.032 
B3.2 0.277 0.047 0.111 0.021 0.156 0.026 
B4 0.084 0.011 0.026 0.012 0.032 0.005 
B 2.285 0.166 0.906 0.161 1.502 0.112 
Cl 0.103 0.079 0.036 0.014 0.050 0.041 
C2 0.022 0.011 0.010 0.009 0.014 0.008 
C3 0.034 0.025 0.017 0.013 0.020 0.015 
C4 0.013 0.010 0.003 0.002 0.004 0.003 
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Table 6.3 - (continued) 
Per household /kg or items 
Code 	Original 	SE* 	Product SE* Gross weight SE* 	No. of 	SE* 
product 	 remaining 	(incl. 	 items 
quantities{- 	at 	 packaging) I 	(units) 
disposalt 
C5 0.010 0.009 0.003 0.001 0.006 0.001 
C6.1 0.012 0.003 0.006 0.003 0.007 0.006 
C6.2 0.046 0.013 0.015 0.007 0.023 0.008 
C 0.240 0.073 0.089 0.004 0.125 0.016 
D l 0.001 0.001 0.001 0.001 0.001 0.001 
D2 0.007 0.003 0.005 0.004 0.006 0.002 
D3 0.035 0.014 0.013 0.007 0.022 0.006 
D4 0.062 0.055 0.034 0.028 0.040 0.024 
D5 0.007 0.002 0.003 0.002 0.005 0.002 
D6 0.004 0.002 0.001 0.001 0.001 0.001 
D 0.116 0.010 0.056 0.005 0.074 0.007 
F1.1 0.001 0.001 0.000 0.000 0.000 0.000 
F1.2 0.004 0.003 0.001 0.001 0.003 0.002 
F2 0.002 0.001 0.001 0.000 0.001 0.000 
F3 0.000 0.000 0.000 0.000 0.000 0.000 
F 0.007 0.003 0.002 0.001 0.005 0.002 
G 0.021 0.005 0.004 0.001 
G1 0.011 0.003 0.003 0.001 
G2 0.003 0.001 0.000 0.000 
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Table 6.3 - (continued) 
Per household /kg or items 
Code Original 
product 
quantitiest 
SE* Product 
remaining 
at disposal-  
SE* Gross weight SE* 
(incl. 
packaging) t 
No. of 
items 
(units) 
SE* 
G3 0.001 0.000 0.000 0.000 
G4 0.000 0.000 0.000 0.000 
G5 0.000 0.000 0.000 0.000 
G6 0.000 0.000 0.000 0.000 
G7 0.000 0.000 0.000 0.000 
G8 0.003 0.001 0.000 0.000 
G9 0.000 0.000 0.000 0.000 
G10 0.003 0.001 0.000 0.000 
G11 0.001 0.000 0.000 0.000 
H1 0.001 0.001 0.000 0.000 0.000 0.000 
H2 0.003 0.002 0.002 0.001 0.003 0.002 
H 0.004 0.002 0.002 0.001 0.003 0.002 
Jl 0.016 0.007 0.007 0.006 0.011 0.010 
J2 0.011 0.006 0.006 0.005 0.008 0.006 
J3 0.007 0.003 0.003 0.002 0.007 0.003 
0.034 0.007 0.016 0.007 0.027 0.010 
K1 0.012 0.005 0.239 0.097 
0.022 0.014 0.017 0.001 
K 0.034 0.020 0.252 0.098 
'Product content only - excluding packaging. 	* Standard error of the mean. 
/Weight of product with packaging. 
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6.2.4 Disposal behaviour 
To appreciate the potential environmental and health risks that may arise from the 
generation and disposal of HHW, it is necessary to understand the disposal pathways 
for HHW as fully as possible. Also, the Hazardous Waste Directive defines only 
separately collected HHW as hazardous waste. Hence, HHW co-disposed with 
residual MSW remains classified as non-hazardous. Both the initial and final 
questionnaires, distributed at the time of the collections of the same name, included 
questions relating to the preferred disposal periods and routes adopted by 
householders for a range of HHW groups. Such data enable disposal pathways to be 
evaluated, pathways of concern to be determined, and permit waste quantity data to be 
further developed. Disposal data were not collected for printer cartridges. 
Most householders discard an item when it no longer functions, i.e. when 
empty/broken/depleted or expired (Figure 6.5). As such, batteries and cleaning 
products were more likely to be disposed of when empty/depleted. Batteries were 
also more likely to be discarded on expiry, along with photochemicals, petcare and 
human medicines: all of which are more likely to be supplied with expiry dates than 
other HHW categories. Clear-outs (the occasional disposal of stockpiled products) 
were also important, particularly for the disposal of products more likely to be stored 
in outbuildings (garages and sheds) such as paint and DIY products, vehicle care 
items, photochemicals and garden/house pesticides. The responses revealed that paint 
and DIY products, photochemicals, and medicines were discarded before full 
utilization and hence pose a potential problem for waste management. 
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Figure 6.5: Disposal time for eight of the nine HHW categories, as suggested by 
householders participating in the study and completing the initial questionnaire. 
Disposal period (Figure 6.5) revealed the disposal of empty containers/packaging. 
Once emptied of hazardous product, such waste items do not qualify for inclusion as 
HHW. Removal of the 'only when empty' disposal options from the analysis of 
disposal routes reduces the number of responses adopting disposal with residual 
household waste, demonstrating that alternative methods are often employed for non-
empty products. Co-disposal in the residual waste stream (i.e. in the general 
household refuse bin) was the main method of disposal adopted by householders for 
much of HHW, particularly for the disposal of batteries, petcare and cleaning products 
(Table 6.4). Delivery to CA sites was significant for garden chemicals, DIY products, 
and particularly vehicle and paint product waste. Other disposal methods were less 
common, although drain disposal for photochemicals and pharmaceuticals, retailer 
return for pharmaceuticals, and low level local authority separate collection for all 
products, were all in evidence from the responses. A number of householders (4- 
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23%, depending on HHW category) claimed to use a combination of disposal 
mechanisms, particularly a mixture of bin and CA site disposal, and was often 
dependent on the number of individual products being discarded and the amount 
remaining. 
The responses to the two questionnaires also differed with respect to the disposal 
routes adopted. The initial questionnaire, as described by Table 6.4, revealed the 
predominance of MSW co-disposal. The final questionnaire, however, revealed a 
shift to alternative methods of disposal, including CA site disposal and local authority 
collection schemes (Figure 6.6). Participation in the study would appear to have 
either changed householders' intentions to dispose of waste or altered perception of 
which answer to the question is the "correct" response. Either way, participation in 
the project appears to have raised awareness regarding the disposal of items of HHW. 
The initial questionnaire responses were arguably the more accurate of the two as 
householders were more likely to respond without preconceptions: as such, the results 
of the final questionnaire will not be used for further analysis of disposal routes. 
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Table 6.4: Likely disposal routes adopted for nine hazardous waste categories based 
upon initial questionnaire findings from sample householders. Responses indicating 
that disposal occurs only when the product has been fully utilized (i.e. "empty") have 
been removed: disposal of packaging material for potentially hazardous materials was 
not considered to fulfil HHW definition criteria. Certain responses may reflect 
inaccurate completion of the questionnaire (householder has ticked the wrong box). 
Proportion of sample adopting disposal behaviour (% HHW category) 
HHW 
Category 
MSW 
co- 
disposal 
Civic 
amenity 
site 
Drain Give 
away 
LA 
collection 
Retailer 
return 
Other 
Batteries 79.7 6.9 0.3 0.5 11.1 0.8 0.8 
Paint 37.9 53.2 1.7 2.3 3.5 0.3 1.2 
DIY 45.2 37.4 5.2 3.5 6.1 2.2 0.4 
Vehicle 40.8 44.0 3.2 2.4 6.4 2.4 0.8 
Pesticides 49.6 36.2 3.6 1.8 6.3 1.3 1.3 
Pet care 83.1 6.5 2.6 1.3 3.9 2.6 0.0 
Medicines 55.8 1.8 9.9 1.0 2.1 28.3 1.0 
Photochem 43.5 21.7 13.0 8.7 4.3 8.7 0.0 
Cleaners 77.2 10.6 3.3 1.6 6.5 0.8 0.0 
Printer 
inks 
nd nd nd nd nd nd nd 
nd = no data available. 
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Figure 6.6: Comparison of responses regarding HHW disposal pathways adopted by householders, according to the initial and final 
questionnaires. Note the reduction in MSW co-disposal ("bin") and corresponding increases in other disposal options ("tip", etc.) 
between initial and final responses. 
6.2.5 Socio-demographic indicators 
The households recruited for the study did not reflect the UK ACORN distribution, 
with over-representation of the higher ACORN groups (Figure 6.2). As such, the 
sample distribution based on ACORN was not sufficiently similar to the UK 
population (correlation analysis, p-value>0.05). This non-significant association 
between the two ACORN populations did not automatically invalidate other socio-
demographic parameters. Property type, length of tenure/residence time, and family 
composition demonstrated significant levels of similarity in the two populations 
(Table 6.5). Hence, HHW sample population estimates based on these socio-
demographic indices better reflect the pattern of production of the wider population. 
Other household aspects were also evaluated. Car/garden/pet ownership in the two 
populations were broadly similar, as was enthusiasm for DIY. Lower levels of garden 
and pet ownership reflect the urban focus of the study and particularly the inclusion of 
London within the sample population. The UK estimate for garden ownership 
includes balconies and window boxes (Mintel Reports 2004a) whilst the estimate for 
the sample population includes gardens only. Car ownership appeared to be higher in 
the sample population with reduced levels of DIY home improvement, indicative of 
increased affluence. 
MSW collection regimes offered by local authorities differ between the two 
populations, with the sample population demonstrating a greater reliance on black 
sack disposal compared to wheelie bins. Residential properties provided with wheelie 
bins are estimated to generate 24.6 kg of waste per household per week compared to 
23.3 kg per household per week for areas with black sack collections (Department for 
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Environment, Food and Rural Affairs 2004). If HHW production is assumed to 
remain constant at 3.6 kg/household/year (see section 6.2.2) regardless of collection 
regime, then the proportion of HHW in MSW decreases fractionally from 0.3% for 
black sack disposal to wheelie bin collection estimates of 0.28%. Higher wheelie bin 
usage nationally indicates an inclination towards the lower proportional estimate of 
HHW in MSW. Also, these estimates are based upon the HHW groups collected 
during this study and hence excludes WEEE, used engine oil etc., which will further 
increase the proportion of HHW in MSW. 
6.2.6 Socio-demographic factors and waste quantities 
The various socio-demographic and disposal behaviour factors obtained from the 
questionnaire responses were tested using Mann-Whitney and Kruskal-Wallis non-
parametric tests for association with HHW quantities to determine whether underlying 
social and economic trends influence HHW disposal (Table 6.6). The socio-
demographic indices of house type, tenure, length of residence, and family 
composition demonstrated significant associations with waste DIY products, vehicle 
maintenance items, and pesticides, as did the employment status of the main salary 
earner (retired or still employed) and disposal behaviour (period and method). Older 
or retired owner/occupiers living in detached and semi-detached houses (which tend 
to be larger than terraces and apartments) for long periods of time and owning a car, 
garden, and pet whilst favouring DIY home improvements and regular visits to civic 
amenity sites were more likely to dispose of larger amounts of HHW. However, not 
one socio-demographic parameter was outstanding as an indicator of the types of 
households likely to produce HHW and it is possible that indices not considered in the 
study contribute more significantly to the quantities of HHW discarded. 
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Table 6.5: Sample and UK population proportions for socio-demographic factors. 
Socio-demographic factor % of UK 
population 
% of sample 
population 
Property typea,b : Detached 22 24 
Semi-detached 32 36 
Terrace 27 27 
Apartment or other 19 12 
Tenure types: Owner/occupier 69 87 
Private rent & uni 11 8 
Housing 	association 20 5 
/council rent 
Length of tenure***: Less than ten years 49 49 
More than ten years 51 51 
People per households: 1 29 11 
2 35 38 
3 15 18 
4 14 22 
5 5 9 
6+ 2 2 
Family compositions*: Retired — one adult 13 4 
Retired — two adults 13 13 
One adult 14 8 
Two adults 22 22 
Three+ adults 9 16 
One adult & children 6 3 
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Table 6.5 — (continued) 
Socio-demographic factor % of UK 
population 
% of sample 
population 
Two adults & children 19 32 
Three+ adults & children 4 2 
NS-SEC categorya: Managerial-Professional 33 68 
Intermediate 10.3 5 
Self-employed 7.7 6 
Lower supervisory 9.4 8 
Semi-routine/Routine 23.1 5 
Other e.g. student, 
unemployed etc. 
16.5 8 
ACORN categorya: Wealthy Achievers 25.1 27.1 
Urban Prosperity 10.7 32.5 
Comfortably Off 26.6 28.9 
Moderate Means 14.5 3.4 
Hard Pressed 22.4 4.5 
Unidentified 0.7 3.6 
Ownership of: Card 74 88 
Gardene 94 90 
Pete 48 36 
Enthusiasm/need for: DIYg 62 54 
Waste collection operated'': Wheelie bins 56 19 
Black sacks 23 69 
No method provided 18 11 
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Table 6.5 — (continued) 
Socio-demographic factor 	 % of UK 	% of sample 
population 	population 
Other 	 3 	 1 
a(Office of National Statistics 2001); b(Poll 2004); e(Leibling and King 2005); 
d(Department for Transport 2005); e(Mintel Reports 2004a); f(Mintel Reports 2004b); 
g(Mintel Reports 2004c); h(Depattment for Environment, Food and Rural Affairs 
2005b). 
*p-value < 0.05; **p-value < 0.01; ***p-value < 0.001 
Table 6.6: Significant relationships between socio-demographic parameters and waste 
quantities. Gross weight of all HYIW categories tested with socio-demographic 
factors, as well as battery units and volume remaining for DIY, vehicle, pesticides, pet 
care, photochemicals, cleaners, and inks. 
Socio- 
demographic 
factor 
VI 
CD 
• rd 
i.i 
CD 
4m) 
4I•1 
CTS 
CO = 
cu 
...4 
CI) 
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u C.) 
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•.• 4.• 
CA 6) Ai 
CD a.) 
C6 C.J 
+a 6) 
Ai 
"C34 	
-4—, 	el 
;... 
ul 0 	6. 
C.) 0.) ...1 	0 = 
C1.1 	 0 cla 4 	0  
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4 
House type 
Tenure type 
Family type 
Length of time 
No. of people 
NS-SEC 
ACORN 
* 
* 
* * 
* * 
* 
* * 
* 
* 
* 
* 
** 
* 
* * 
* * 
* 1 
* * 
2 
* 
* 
* * 
* * 
* * 
* * 
* * 
* 
* 
* 
* 
* 
* 
* * * 
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Table 6.6 — (continued) 
Socio- 
demographic 
factor 
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0 	CI 
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Occupation 
Retired 
Settlement 
Car owner 
Pet owner 
Garden owner 
DIY enthusiast 
Disposal 
period 
Disposal 
method 
Tip visits 
Tip distance 
Sack amounts 
MSW 
collection type 
* 1  
*2 
** 2 
** 
*** 
* 
*** 
* 
* 
* 
** 
*2 
* 
*** 
*2 
* 
*** 
* 
*** 
** 
*** 
* 
*** 
*** 
*** 
* 
** 
*p-value < 0.05; **p-value < 0.01; ***p-value < 0.001 
1Significant relationships for gross weight only (batteries) and remaining volume only 
(DIY). 
2Least significant value used — higher level of significance recorded for one of either 
units/remaining weight or gross weight. 
216 
6.2.7 Extrapolation from sample to UK population 
The HHW quantities collected from the sample population can be extrapolated to the 
UK population according to socio-demographic factors. Extension of the data from 
sample to UK population for each socio-economic and waste category was affected 
using Formula 6.1, which assigned extrapolated values based upon the relative 
proportions of the different parameters. Using an estimated 24,479,439 households in 
the UK, Table 6.7 shows the extrapolated estimates based on the proportions of socio-
demographic groups within the UK. Sum totals for each extrapolation range from 
44,345 tonnes of HHW based upon the ACORN category distribution to 56,836 
tonnes for family composition. The extrapolated figures in Table 6.7 represent 
potential quantities discarded over the sampling period of 30 weeks. Annual amounts 
can be cautiously estimated to be in the region of 77,025 - 99,940 tonnes per year. As 
such, the various socio-demographic indices assume annual waste production levels 
for individual categories to lie between 48,560 — 63,343 tonnes for DIY waste and 
250 — 612 tonnes for pet care waste (Figure 6.7). 
Formula 6.1: E = ST/SH.[(PN/100).1] 
where E = waste amount extrapolated to UK population 
ST = gross total weight of sample in each waste category based 
on socio-demographic parameter 
SH = number of sample households in each socio-demographic 
parameter 
PN = proportion of UK households corresponding to socio- 
demographic parameter 
T = total number of households in the UK 
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Table 6.7: Extrapolations of waste quantities from sample to UK populations over the 30-week sampling period, based upon socio-
demographic proportions. Unusually large values (outliers) have been removed from the analysis. 
Total waste generated in the UK (kg) 
Prop Type A B C D F G H J K 
Detached 2,432,823 6,507,473 425,752 516,375 33,830 22,974 30,806 106,291 66,714 
Semi-detached 3,814,604 11,090,512 1,214,090 911,959 61,552 45,108 69,819 614,699 250,993 
Terrace 2,699,424 7,707,613 232,567 211,305 10,330 20,794 141,950 116,693 316,411 
Flat or other 1,072,166 2,934,829 890,883 397,790 56,568 23,281 0 98,207 106,680 
Total 10,019,017 28,240,427 2,763,291 2,037,430 162,280 112,157 242,575 935,890 740,798 
Length of tenure A B C D F G H J K 
<10 3,592,959 11,734,608 761,085 574,965 64,282 52,778 118,451 153,328 310,064 
10+ 6,811,450 17,400,477 1,913,779 1,501,626 91,048 58,902 143,839 832,614 436,673 
Total 10,404,409 29,135,085 2,674,864 2,076,591 155,330 111,680 262,290 985,942 746,737 
Table 6.7 - (continued) 
Tenure type A B C D F G H J K 
Owner 7,915,306 20,527,416 1,980,764 1,657,375 120,823 66,373 209,797 770,948 562,189 
Private rent 528,008 4,140,765 291,784 0 7,030 15,840 0 37,720 10,054 
Housing assc./ 
Council flat 598,018 2,007,167 0 53,327 0 25,115 0 0 134,874 
Total 9,041,332 26,675,349 2,272,548 1,710,702 127,853 107,328 209,797 808,668 707,117 
Ppl per household A B C D F G H J K 
1 1,671,527 4,730,804 217,510 190,039 53,573 9,671 35,362 58,132 376,575 
2 2,807,818 9,049,335 1,382,882 1,173,315 47,149 22,661 102,412 526,023 85,735 
3 1,935,710 8,165,195 479,439 84,662 33,852 30,146 115,110 175,759 107,498 
4 2,274,121 5,495,408 318,984 321,439 19,828 35,605 0 70,110 210,824 
5 1,377,049 974,474 11,672 64,858 0 13,296 0 48,953 0 
6+ 798,080 1,301,434 58,122 11,913 0 596 0 71,299 9,206 
Total 10,864,306 29,716,649 2,468,609 1,846,226 154,402 111,975 252,884 950,276 789,837 
Table 6.7 - (continued) 
Family 
composition A B C D F G H J K 
Retired - alone 2,922,371 9,473,191 297,746 483,515 0 6,537 0 55,094 39,978 
Retired - two adults 1,615,827 4,129,083 956,656 757,700 40,575 9,821 64,202 118,603 35,618 
One adult 1,471,949 2,827,946 157,901 14,597 108,671 13,163 62,982 82,759 738,354 
Two adults 2,132,508 7,328,077 803,905 826,811 24,312 16,463 0 573,070 37,331 
Three+ adults 846,853 3,240,310 260,868 82,562 75 11,747 76,418 61,688 44,997 
One adult & 
children 414,486 2,908,892 44,357 9,694 14,688 1,282 0 39,804 0 
Two adults & 
children 2,664,839 5,420,830 313,632 249,506 27,325 25,780 47,843 128,450 187,788 
Three+ adults & 
children 231,168 1,225,849 14,198 7,833 4,488 523 0 0 0 
Total 12,299,999 36,554,178 2,849,264 2,432,218 220,134 85,316 251,444 1,059,467 1,084,065 
Table 6.7 - (continued) 
NS-SEC Category A B C D F G H J K 
Managerial/ 
Professional 4,284,799 11,349,810 822,635 974,094 58,152 29,639 91,179 444,695 382,259 
Intermediate 503,746 2,543,013 179,549 77,897 0 22.537 0 85,462 10,882 
Self-employed 732,820 2,657,654 337,400 60,317 157 13,956 0 110,974 13,509 
Lower supervisory 710,785 3,215,382 143,529 62,057 4,890 10,519 64,367 59,252 16,251 
Semi- 
routine/routine 2,993,342 6,215,419 932,468 92,455 49,479 9,477 0 0 49,479 
Other 1,690,497 4,211,030 1,344,502 363,650 83,909 37,073 34,587 31,922 25,928 
Total 10,915,989 30,192,308 3,760,083 1,630,471 196,587 123,201 190,132 732,306 498,308 
Table 6.7 - (continued) 
ACORN Category A B C D F G H J K 
Wealthy achievers 3,235,297 8,505,992 1,272,081 746,750 68,128 33,076 0 212,594 155,405 
Urban prosperity 1,219,061 3,305,904 176,071 273,838 9,399 11,538 39,222 197,085 91,387 
Comfortably off 3,319,211 10,744,453 781,384 489,267 18,568 22,617 139,241 105,345 312,038 
Moderate means 748,948 3,079,503 141,685 0 0 9,186 0 502,553 0 
Hard pressed 1,299,712 2,378,950 0 70,019 256,454 44,636 0 0 299,478 
Unidentified 27,303 0 0 0 0 1,217 0 0 0 
Total 9,849,532 28,014,801 2,371,220 1,579,874 352,548 122,269 178,463 1,017,577 858,307 
Where A=batteries; B=DIY; C=vehicle; D=pesticides; F=petcare; G=pharmaceuticals; H=photochemicals; J=household cleaning 
products; K=printer cartridges. 
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Figure 6.7: Current UK annual forecast estimates for each HHW category examined 
(columns) and relative proportions of HHW in MSW (line chart). The minimum 
estimate is based upon the socio-demographic parameter extrapolation yielding the 
smallest waste generation estimate (ACORN) whilst the maximum is based upon the 
largest estimated tonnage (family composition). Estimates of HHW, as mass and as 
proportions of MSW, should be treated with caution due to the large number of 
assumptions made. 
Whilst a number of socio-demographic parameters, including period of residence, 
demonstrated significant relationships with quantities of certain of the waste streams 
(Mann-Whitney and Kruskal-Wallis, p=0.001 to >0.05), the analysis served only to 
ascertain that waste generation could not be predicted from one social index alone 
(Table 6.6). Use of any one socio-demographic parameter may provide an estimate of 
likely amounts arising from particular types of households, which would be of use to 
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waste collectors, but such estimates would vary according to parameter used. Also, 
given the level of similarity between the sample and UK population socio-
demographic distributions, use of socio-demographics adds several assumptions to 
extrapolated UK estimates of HHW generation. However, for the provision of 
adequate collection and disposal facilities, it is necessary to provide an estimate of the 
amounts of the various waste categories that may be disposed regionally and 
nationally. Using the mean gross weights per household (as reflects national waste 
statistics) and the number of households in the UK, approximate figures for each 
waste stream across the UK can be generated (Table 6.8). A further step requires the 
extrapolation of the thirty-week estimate to an annual approximation, based upon the 
premise that the study provided a random sampling of the population and that no 
discernible seasonal effects were observed (Table 6.8, bracketed italics). Over one 
year, an HHW total amount of approximately 90,000 tonnes will be discarded 
(Department for Environment, Food and Rural Affairs 2005a). With total MSW 
generation in the UK in the region of 30 million tonnes per year, HHW represents 
0.3% of the MSW stream (Department for Environment, Food and Rural Affairs 
2005a). The estimates must be used with caution and serve only to indicate the 
potential magnitude of the waste stream in the UK. 
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Table 6.8: Extrapolated UK waste estimates for the 30-week period. Estimates given 
to 3 sig. figs. Annual waste stream approximations italicized. Outlying values 
included for B and C categories, hence larger values than in Table 6.7. 
Estimated tonnes or items 
Waste Original Product Gross weight No. 	of 	items 
category* product remaining at (incl. (or units) 
quantities disposal packaging) 
A n/a n/a 7,890 257 million 
(13,700) (446 million) 
B 56,000 22,200 36,800 n/a 
(97,000) (38,500) (63,800) 
C 5,880 2,200 3,100 n/a 
(10,200) (3,800) (5,300) 
D 2,840 1,350 1,810 n/a 
(4,910) (2,340) (3,140) 
F 180 54 120 n/a 
(310) (93) (208) 
G 515 100 n/a n/a 
(890) (170) 
H 95 70 80 n/a 
(160) (115) (140) 
J 830 390 660 n/a 
(1,440) (675) (1,140) 
n/a n/a 830 6 million 
(1,430) (11 million) 
* See Table 6.1 for waste codes. 
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6.2.8 Potential pathways for disposal of HHW in the UK 
National, even local, data regarding the disposal of HHW are lacking and hence any 
estimation provides a baseline from which it is possible to assess the requirement for 
specific waste collection facilities. Using the protocol demonstrated in Figure 6.8, the 
potential amounts of the different HHW categories co-disposed with MSW, separately 
collected (where applicable) at CA sites or entering other disposal pathways can be 
approximated (Table 6.9). Using the estimate of over 51,000 tonnes (gross weight) 
for the nine HHW categories disposed of over the sampling period and the disposal 
pathways depicted in Table 6.4, it can be assumed that some 23,600 tonnes of 
assorted HHW was disposed of to landfill through MSW co-disposal over the thirty 
week period. Separately collected HHW (at CA site or by kerbside collection), 
particularly paint and vehicle waste, contributed 23,800 tonnes for the same period. 
(37.7%) 
Sales Use/Storage Waste disposal 
(62.3%) 
Paint waste = 29,642 
tonnes 
HHW content Empty 
(`hin') 	37.9% 11,234 tonnes • MSW co-disposal 
Disposal route site (`tip') 	53.2% 15,770 t ► Civic amenity 
Drain/sewer 	 1.7% 504 t 
Give away 2.3% 682 t 
Local authority collection 3.5% 1,037 t 
Retailer return 	0.3% 89 t 
Other means of disposal 	1.2% 356 t 
Figure 6.8: Procedure for approximating disposal pathways for HHW groups, using 
paint as an example. UK waste amount estimates derived from Table 6.8 (the 
"simple" extrapolation for paint only) whilst Table 6.4 demonstrates the estimated 
waste proportions entering the particular waste streams, for 30-week sampling period. 
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Table 6.9: Potential amounts entering the various HMV disposal pathways for the UK 
over the 30-week sampling period. 
UK estimates of 1111W groups (tonnes) 
1111W 
Category 
MSW 
co- 
disposal 
Civic 
amenity 
site 
Drain Give 
away 
LA 
collection 
Retailer 
return 
Other Total 
Batteries 6,288 540 24 40 875 63 63 7,890 
Paint 11,234 15,770 504 682 1,037 89 356 29,642 
DIY 3,235 2,677 372 251 437 158 29 7,158 
Vehicle 1,265 1,364 99 74 198 74 25 3,100 
Pesticides 898 655 65 33 114 24 24 1,810 
Pet care 100 8 3 2 5 3 0 120 
Medicines* 56 2 10 1 2 28 1 100 
Photochem 35 17 10 7 3 7 0 80 
Cleaners 510 70 22 11 43 5 0 660 
Printer 
inks 
nd nd nd nd nd nd nd 830 
Total 23,620 21,107 1,109 1,099 2,715 451 497 51,390 
* Mass of active ingredients only 
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6.2.9 Estimates of purchased product 
The data collected regarding period of HHW generation can be used to estimate 
proportions of products purchased. Addition of "empty" disposal estimates (Figure 
6.5) to the approximations of HHW discarded, extrapolated from the household 
collections, reveal that upwards of 167,000 tonnes of household hazardous product 
might be purchased by UK householders per year (Table 6.10). The purchase 
estimates must be treated with caution, providing a guide to possible amounts only. 
Further verification is required from comparison with sales figures obtained from 
manufacturers/retailers/trade associations, information that is largely unavailable due 
to the frequently sensitive nature of the information. Accurate estimates will also 
permit a mass balance approach to be adopted, currently prevented by poor data. 
6.3 	Further data 
Considerable quantities of data were collected from the waste analysis step of the 
project. As such, information regarding the active ingredients of the products, 
frequently the substances rendering the waste hazardous, were recorded and have 
been made available for further analysis on the enclosed CD. However, the data were 
inconsistent due to reliance on the details provided on the product packaging: the 
quality of product information varied considerably. Further work has been included 
in the report compiled for the Environment Agency (Bonin et al. In Press) and co-
workers have reported on detailed analyses of the pharmaceutical data (Bound and 
Voulvoulis In Preparation). 
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Table 6.10: Potential quantities of household hazardous product purchased per year. 
Waste Categories Disposal Estimates 
(tonnes per year) 
Purchase Estimates 
(tonnes per year) 
Batteries (accumulators) 13,700 (1,035) 13,700 (1,035) 
Paint 51,391 82,490 
DIY 12,409 27,885 
Vehicle products (oil) 5,300 (2,120) 11,522 (4,610) 
Pesticides 3,140 5,190 
Petcare 208 433 
Medicines 170 234 
Photochemicals 140 206 
Cleaning products 1,140 4,145 
Printer inks 1,430 nd 
Total 89,028 145,805 
6.4 Summary 
Following on from the questionnaire-only study described in Chapter 5, a direct waste 
collection and analysis project was carried out using over 500 volunteer households in 
three areas of south-east England. Each householder was provided with a special bin 
in which to dispose of nine categories of HHW. Socio-demographic factors were also 
gathered from each householder using a questionnaire format and analysed alongside 
waste data to enable predictions of UK HHW quantities. Over one tonne of HHW 
was collected from the sample households, with paint waste dominating by mass and 
household batteries by number of items. Most householders claimed to dispose of 
waste using the general refuse bin (MSW co-disposal), making disposal to landfill a 
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likely scenario. However, the amounts disposed of to CA sites were also considerable 
and, provided that separate collection and disposal regimes are adhered to, would be 
unlikely to be disposed of to landfill untreated. 
The socio-demographic factors obtained from the questionnaire failed to demonstrate 
significant associations with the amounts of each 1-111W category collected. Types of 
property, property ownership (tenure), household/family composition and length of 
time resident at a particular address all demonstrated significant association with 
certain waste categories (correlation, p=0.05 min.). However, associations between 
the different socio-demographic parameters and complexity of underlying factors 
imply that no single sociological factor determines the quantities and disposal 
pathways for HHW. 
The sample population was found to be statistically similar to the UK population, 
particularly with regard to household composition and property tenure (correlation 
analysis, p=0.05). As such, the socio-demographic factors were used to extrapolate 
sample population HHW quantities to UK national generation estimates. The 
complexity of the relationship between the socio-demographic and waste quantity 
data suggested that a simplified approximation of UK amounts was more appropriate. 
As such, approximately 51,000 tonnes of HHW, comprising the nine categories 
investigated, were roughly estimated as being disposed of in the UK over the 
sampling period. This is equivalent to about 90,000 tonnes per annum. 
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CHAPTER SEVEN 
"Water, water everywhere, nor any drop to drink" - Samuel Taylor Coleridge, The Rime of the Ancient 
Mariner, 1798 
HOUSEHOLD HAZARDOUS WASTE DISPOSAL TO LANDFILL:  
USING LANDSIM TO MODEL LEACHATE MIGRATION 
Considerable data exist regarding the composition of landfill leachate and the 
biogeochemistry of landfill leachate plumes (Chapter 4). Historically, landfills were 
constructed as dilute-and-disperse systems, permitting the rapid dispersion of leachate 
and gases into the surrounding environment. Landfills are currently designed to 
minimize releases through the use of leachate barrier systems and reduce rainwater 
ingress by capping of the site. However, barrier failure/degradation over time make 
groundwater pollution possible whilst low rates of leachate removal to leachate 
treatment plants can result in seepage to both surface and groundwater. Similarly, 
ineffective leachate treatment can result in the release of various pollutants. 
All United Kingdom (UK) landfills are required to demonstrate adherence to 
discharge consents, likelihood of contamination events, adequate management 
provision, and probable time to landfill completion (ensuring that cessation of 
management does not lead to discharges above permissible levels). To meet the 
landfill management criteria established through European Union (EU) and UK 
legislation, a computer program was developed for the Environment Agency by 
Golder Associates. The resulting LandSim (Landfill Performance Simulation) version 
2.5 computer program is one example of the modelling software available for the 
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simulation of contaminant migration from a landfill-derived point source into 
soil/groundwater over extended time periods (Golder Associates 2004a). The 
software is widely used within the waste industry as a decision support tool. It uses 
the Monte Carlo simulation technique to create parameters for use in model 
calculations and provides flexibility in defining probability density functions (pdf) for 
the input parameters. This probabilistic methodology allows quantification of 
uncertainty within the geological environment, the performance of specific landfill 
lining systems and leachate chemistry. An equivalent for gas emissions from landfills 
has also been developed ("GasSim") and is widely used by landfill operators and 
regulators (Golder Associates 2004b). 
LandSim has been used here to assess the effects of landfill disposal of hazardous 
substances in household waste on groundwater resources in the UK. This marks a 
departure from the standard patterns of use usually seen for LandSim modelling: it 
has been rarely used in the generic anaylsis of landfills. As little is known about the 
consequences of household hazardous waste (HHW) disposal to landfill, either co-
disposed with municipal solid waste (MSW) or as treated separately collected 
fractions, the potential for HHW to impact upon water quality has been assessed. The 
constructed landfill model reflects a modern landfill situation that may be found 
anywhere around the world but particularly in the UK. Whilst most modern landfills 
are located within clay or other sub-strata possessing considerable pollution 
attenuation capacity, the model was placed in a poorly attenuating medium to 
represent a worst-case scenario for modern sanitary landfilling. The predictions 
obtained can be tested for validation alongside the literature reviewed in Chapter 4: 
this is discussed further in Chapter 8. 
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7.1 	LandSim function and parameters 
LandSim enables a variety of different landfill scenarios to be modelled through the 
entry of specific criteria. It uses a contaminant-specific declining source term based 
on the results of standard upflow percolation leaching tests and the Laplace 
transformation technique is used to solve the advection—diffusion contaminant 
transport equation. Biodegradation, retardation and longitudinal dispersion can be 
modelled in all pathways from migration through the mineral liner to the aquifer. 
LandSim takes account of loss of effectiveness of membrane liner and cap 
degradation and of active operational/institutional control, and also of background 
water quality. The various parameters combine to model the amount of leachate 
generated, concentration of selected contaminants in the leachate, likelihood of 
release through the engineered barrier, and transport within the subsurface to an 
aquifer (Figure 7.1). 
The risk posed by individual landfills varies considerably. Whilst the types of waste 
discarded will dictate the composition of any landfill emissions, the contamination 
potential of a landfill will be a direct result of landfill structure and geology. No two 
landfills are the same, and all sites will possess a degree of variability. For LandSim 
to construct a leachate plume for any individual landfill, data specific to the site under 
analysis are required. Certain default values are provided in the program (see later), 
but the designers strongly recommend the use of data specific to the site. This is 
therefore a problem when the consequences of HHW disposal to any given MSW 
landfill are required to be understood. The establishment of a generic landfill 
provides a baseline pattern of leachate plume geochemistry and behaviour, from 
which various regulatory measures, such as waste acceptance criteria, can be 
determined. 
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The LandSim program requires the entry of a number of parameter values, which are 
sub-divided into separate windows for ease of use. Parameters in each category are 
entered as pdfs and hence require data distribution types as well as the quantified data. 
It is also recommended that each set of parameters entered is provided with an 
accompanying justification (Tables 7.1 onwards). Following from the new project 
introductory windows, eight source term component windows are provided following 
the pattern of leachate plume migration (Figure 7.1): 
■ Infiltration; 
■ Cell geometry; 
■ Leachate inventory; 
■ Drainage system; 
■ Engineered barrier; 
■ Unsaturated zone; 
■ Vertical pathway; 
■ Aquifer. 
In addition, windows relating to site size, number of simulations, and 
retardation/biodegradation factors are operated via the main menu tool bar. A full 
description of the LandSim program is provided by the accompanying manual 
(Golder Associates 2003) and will not be dealt with in detail here. A simplified 
description of the options used in the development of a HHW-influenced leachate 
plume will be provided, with justification for the assumptions made. Further 
descriptions of LandSim operation are provided by Drury et al. (2003). 
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Cell geometry 
Base of unsaturated zone 
(Compliance point for List I) 
I 	I 	I 
Infiltration 
1 1 1 
Leachate inventory 
Source 
Base of clay liner 
Unsaturated zone 
Off-site compliance 
point 
}
Drainage system & 
engineered barrier* 
Saturated zone 
• - 
Confining strata 
* Engineered barrier consists of a composite HDPE geomembrane and clay liner over lain by leachate 
drainage/collection system. 
Figure 7.1: LandSim source term components (in bold text). Text in italics indicate 
leachate plume contaminant measurement points. Vertical pathway option has not 
been included: if present, this would usually be found at the base of the unsaturated 
zone. 
7.1.1 Initial data 
Selection of a new project option in LandSim initiates the project wizard, 
commencing with the project name. Specification of the domain area and landfilling 
phase details are required next. The domain area includes landfill site and 
surrounding environment, including any groundwater assessment wells downstream 
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of the site ("compliance point"). The default domain area was selected to reflect a 
generic landfill situation, producing an area of 3 km by 2 km. The landfill phase 
option permits the inclusion of several landfilling phases at the one site — a common 
scenario for large modem landfills constructed in separate stages or "phases". Only 
one phase was adopted for the HHW simulation to simplify the model construct, using 
default values for location in domain and landfill position within the location: the fill 
area at the surface was 900 m by 500 m. The compliance point was located 200 m 
downstream from the periphery of the fill area. 
The program requires that a management control period be specified, reflecting the 
primary use of LandSim by regulators/operators. As such, a management period of 
forty years was selected, with a ten year landfilling period and a subsequent thirty-
year post-closure management stage for the treatment and controlled release of 
leachate and gas. The model simulation ran for 20,000 years providing a long-term 
forecast of landfill leachate behaviour at each stage of plume migration from source 
(i.e. within the landfill body), through to the base of the clay liner, the base of the 
unsaturated zone, and at the off-site monitoring well (Figure 7.1). 
7.1.2 Infiltration 
The first source term component window requires water infiltration parameters (Table 
7.1). Certain areas of the UK experience greater levels of rainfall than others and 
there are considerable seasonal and annual variations. Infiltration rate is also affected 
by soil texture and structure, vegetation types and cover, water content of the soil and 
soil temperature. A sparsely vegetated clay-rich soil will possess lower rates of 
infiltration, and hence greater levels of run-off, than a densely vegetated sandy soil. 
Based upon the parameter applied to a generic landfill model, infiltration to open 
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waste was placed at 250 mm/year with a standard deviation of 25 mm/year (Hall et al. 
2006). The infiltration rates used were similar in value to those cited by other 
workers (Huber et al. 2004). 
Table 7.1: Infiltration parameters. 
Parameter 	 Parameter 	Justification 
value* 
Infiltration to open waste (mm/yr) 	Normal 250 ± 	Generic site design values 
25 	 provided by Hall et al. (2006) 
Cap design infiltration (mm/yr) 	Normal 50 ± 5 	Hall et al. (2006) 
End of filling (years from start of 10 	 Hall et al. (2006) 
filling) 
PE cap present? 	 Y 	 Hall et al. (2006) 
Infiltration to grassland (mm/yr) 	Normal 140 1 	Hall et al. (2006) 
14 
Start of cap degeneration (years from 250 	 Hall et al. (2006) 
start of filling) 
End of cap degeneration (years from 1000 	 Hall et al. (2006) 
start of filling) 
*Distribution mean value 1 standard deviation e.g. Normal distribution with mean 
250 mm/year and a standard deviation of 25mm/year. 
Infiltration is considered to be reduced to a fifth of the original infiltration rate with 
the placement of a linear low density polyethylene (LLDPE) cap. However, the 
integrity of the cap will gradually decline over time, hence degradation was here 
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assumed to be the default estimates for 250 to 1000 years provided by LandSim. 
Infiltration rates will thereafter rise accordingly. Closed landfills are usually 
landscaped to grassland and infiltration rates following cap degradation will hence be 
comparable to the values obtained for pasture and grassland, approximately 140 
mm/year (Fetter 2001). LandSim applies the grassland infiltration rate over the 
remaining landfill monitoring period, in this model, from 1,000 years (when cap 
finally deteriorates) to 20,000 years. This assumes a constant infiltration rate over a 
19,000 year period. 
7.1.3 Cell geometry 
Controlled landfills are divided into separate cells, sequentially filled. The number of 
cells varies between landfills and is dependent on a number of factors including 
landfill size/area, immediate environment, type of waste/s accepted, and management 
criteria. Provision of the width and length measurements for a cell base enables 
LandSim to calculate the top and base area of each cell and, combined with the total 
number of cells, the area covered by the landfill. LandSim assumes a landfill design 
with sloping sides. To simplify the model, the generic landfill was provided with a 
single cell (Table 7.2), the dimensions derived from Hall et al. (2006). It is possible 
that different cells possess different waste characteristics due to different treatments 
(compaction being a principle difference) or simply due to the disposal of different 
waste types, resulting in varying leachate characteristics (Beaven and Powrie 1995; 
Powrie and Beaven 1999). 
The porosity of a material is a measure of the void space that may be occupied by 
fluid (Formula 1, Appendix F). The porosity of different soils is well documented and 
there has been some work into the porosity of different waste materials (Miller and 
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Clesceri 2003). For modelling purposes, the porosity of different waste materials can 
be considered to be analogous to that of different soil types (Table 7.3). The lowest 
level of porosity is around 30% for most soil and waste types, with clayey soils 
demonstrating the highest levels. Adoption of a waste porosity value of 40% in the 
LandSim model assumed a soil-based median value: larger values are possible but do 
not consider waste compression carried out at most sites (Table 7.2). The pdf 
distribution was described as a single point value. 
Table 7.2: Cell geometry parameters. 
Parameter 	 Parameter 	Justification 
value* 
Cell length at base (m) 	 200 
	
Hall et al. (2006) 
Cell width at base (m) 
No. of cells 
Base Area (Ha) 
Top Area (Ha) 
Final waste thickness (m) 
Waste porosity (fraction) 
Waste field capacity (fraction) 
Waste density (kg/1) 
Head of leachate when surface 
breakout occurs (m)  
Hall et al. (2006) 
Hall et al. (2006) 
Calculated by LandSim using 
parameters set by Hall et al. (2006) 
Hall et al. (2006) 
Hall et al. (2006) 
Hall et al. (2006) 
Hall et al. (2006) 
Beaven and Powrie (1995) 
Hall et al. (2006) — can assumed to 
be the min. height of the landfill, 
here provided by waste thickness 
200 
1 
4 
6 
Single 20 
Single 0.4 
Single 0.3 
Single 0.65 
Single 20 
*pdf values were all described as single points. 
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LandSim also requires waste field capacity. Field capacity is the maximum amount of 
water retained by the waste against gravity before water begins to drain. Thus, 
porosity, when described as total or bulk porosity, is the average field capacity for the 
waste materials within the landfill plus the remaining pore volume filled by water at 
saturation (effective porosity) (Formulae 2 & 3, Appendix F). As a result, the field 
capacity will be better represented by a value lower than that prescribed for porosity. 
For the LandSim model, a field capacity value of 30% was used. Whilst porosity 
determines the amount of water or leachate available, the flow is determined by the 
permeability of the matter and the hydraulic conductivity of fluid in the material 
(Formula 4, Appendix F). LandSim does not model the flow of leachate through the 
waste body, a value that would be provided through a hydraulic conductivity 
parameter, but rather assesses the amount of water available for flow. 
The density of the waste depends upon the type of waste materials disposed and the 
treatments to which they are exposed in the landfill. Miller and Clesceri (2003) 
provide density values for a number of waste types, whilst Beaven and Powrie (1995) 
describe how disposal factors influence waste density (Table 7.4). A dry density of 
0.65 kg/1 was applied to the LandSim model, based upon the maximum dry density 
values shown in Table 7.4. Dry density varies with moisture content, increasing to a 
maximum as moisture levels approach the optimum moisture content and declining 
thereafter. Dry density can be expected to vary throughout the landfill as a 
consequence of waste heterogeneity. 
240 
Table 7.3: Physical characteristics of landfill and other waste site soils alongside non-
waste soil (after references cited). 
Soil 	 Hydraulic 	Porosity Permeability Reference 
conductivity 	 (m2) 
(K, cm/s) 
MSW Landfills 	2E-2 — 5.1E-3 0.41 	 Oweis et al. (1990) 
MSW Landfills 	 0.3 — 0.6 	 Landva & Clark (1990) 
MSW Landfills 	1E-1 — 1E-6 	 Powrie et al. (2000) 
MSW, as disposed 1E-3 	 1E-11 — 1E- McBean et al. (1995) 
12 (vertical) 
MSW, shredded 	1E-2 — 1E-4 	 1E-10 (hori.) Fungaroli and Steiner 
(1979) 
MSW, dense bale 7E-4 	0.3 — 0.4 	 Oweis and Khera (1998) 
MSW, loose bale 	1.5E-4 	 Oweis and Khera (1998) 
Gravel 	 1E-1 — 1E-4 	0.3-0.4 	 McBean et al. (1995) 
Sand 	 5E-2 — 1E-3 	0.35-0.4 	 McBean et al. (1995) 
Silt 	 1E-5 — 1E-7 	 McBean et al. (1995) 
Clay 	 3E-8 — 1E-9 	0.45— 	 McBean et al. (1995) 
0.55 
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Table 7.4: Density (and saturation properties) of waste materials (adapted from 
Beaven and Powrie 1995; Miller and Clesceri 2003). 
Material Dry 
density 
(kg/1) 
Water 
content (max 
wt fraction) 
Dry unit 
weight (t/m3) 
Saturated 
unit weight 
(t/m3) 
Mixed paper 
Newspaper 
Corrugated paper 
0.92 
0.92 
0.92 
0.124 
0.113 
0.117 
Cardboard 0.92 0.23 
Plastic film 0.93 0.02 1.0 1.0 
Other plastic 0.95 0.01 1.1 1.1 
Rubber 1.04 0.01 
Textiles 1.55 0.33 0.3 0.6 
Leaves (dry) 0.3 0.8 
Wood 0.45 0.26 
Food waste 1.1 0.11 - 1.8 
Ferrous metal 7.8 0.02 6.0 6.0 
Other metals 6.0 0.02 6.0 6.0 
Glass 2.5 0.017 2.9 2.9 
Ash 1.8 0.2 
Soil 1.8 0.2 
Concrete 2.3 0.13 
Sand 2.65 0.4 
Silt 2.6 0.2 
Clay 2.7 0.6 
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7.1.4 Leachate inventory 
The majority of organic compounds generated by MSW, specifically HHW, are 
volatile and hence demonstrate preferred dispersion to air. However, the moisture 
content of the landfill is such that many organics will enter the liquid phase and hence 
will be identified in leachate analyses. LandSim does not model the processes that 
lead to the evolution of contaminants from the waste body to the leachate but rather 
uses measurements of leachate concentrations from within the landfill to determine 
the likely result of release on groundwater. 
The leachate concentrations were modelled using logtriangular pdf values (with 
minimum, maximum and most likely concentration values for each contaminant) 
derived from various different sources in the literature, described in Tables 4.1 and 
4.2 of Chapter 4, and hence representative of a range of MSW landfills (Table 7.5) 
(Asakura et al. 2004; Ask Reitzel and Ledin 2002; Assmuth and Kalevi 1992; Barker 
et al. 1986; Baun et al. 2003; Behnisch et al. 2001; Belevi and Baccini 1989; 
Christensen et al. 1992; Christensen et al. 2001; Dunlap et al. 1976; Ejlertsson et al. 
2003; Flyhammer et al. 1998; Forst et al. 1989; Harkov et al. 1985; Karstensen 1989; 
Kjeldsen et al. 1990; Kjeldsen and Christophersen 2001; Kjeldsen et al. 2002; 
Kruempelbeck and Ehrig 1999; Krug and Ham 1997; Marttinen et al. 2003; Oman and 
Rosqvist 1999; Paxeus 2000; Sawhney and Kozloski 1984; Schultz and Kjeldsen 
1986). Co-disposal MSW landfills accepting various types of hazardous waste, 
including liquid wastes, and landfills demonstrating various levels of geotechnical 
innovation were included in the literature used to derive the leachate inventory. As a 
result, the contaminants selected need not necessarily be derived solely from HHW 
and were usually sourced from countries other than the UK as well as from landfills at 
different stages of waste decay. The literature does not appear to quantify a number of 
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contaminants associated with HHW and hence several substances discussed in 
Chapter 4, such as ethylene glycol and many pharmaceuticals, were not included in 
the simulations. Others were included despite data limitations, primarily because of 
increasing concern regarding health effects and contaminant behaviour in the 
environment. All data used were from peer-reviewed work or other reliable published 
work, and are derived from recognised analytical techniques: whilst data more 
relevant to the UK could be sourced for certain of the contaminants, the reliability 
was, in many cases, equivocal Ammoniacal-nitrogen and chloride were also included 
in the simulation. Whilst not usually associated with HHW, these two groups of 
substances have been cited as key contaminants of MSW landfill leachate and are 
commonly used as tracers to determine leachate plume migration (Robinson 1995). 
LandSim divides contaminants into volatile and non-volatile groups (Table 7.5). 
Volatile organic compounds (VOCs) are distinguished from less or non-volatile 
substances by a high Henry's Law coefficient and low molecular weight. As such, 24 
of the 57 compounds examined were classified as volatile. The concentration of 
volatile substances in leachate was assumed to decline according to the LandSim 
default value of ten years. This was not altered in the simulation due to data 
uncertainty regarding the decline in leachate and the conservative value of the default 
(Formula 5, Appendix F). The concentrations of non-volatile substances decline 
according to "kappa" constants. Kappa is an estimate of concentration decline over 
time derived from upflow percolation leaching tests (Golder Associates 2003) 
(Formula 6, Appendix F). LandSim provides default kappa values for certain 
inorganic substances. However, the program does not provide default values for the 
organic substances. The literature does not report on kappa values and, as laboratory 
determination was beyond the scope of this study, kappa was derived from the inverse 
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of the soil partition coefficient, Kd (United States Environment Protection Agency 
1999). Experimentally derived kappa values have been found to occur within a range 
of values, namely 0.7 kg/1 for mobile substances to 0.01 kg/1 for immobile substances 
(Hall 2005). This range was used to constrain kappa estimates derived from Kd 
(Table 7.5). 
The leachate inventory window provides the opportunity to model the biodegradation 
of each contaminant in each of the landfill-to-groundwater compartments (Figure 7.1). 
For the purposes of this simulation, biodegradation was modelled only in the 
unsaturated zone and aquifer, excluding the mineral liner due to difficulty in obtaining 
pertinent rates of degradation, and as a logarithmic distribution (Table 7.5). LandSim 
defines biodegradation as the removal, disappearance, or loss of the initial chemical 
over time through the use of half-life data and hence refers to primary, or first-order, 
biodegradation (Formula 7, Appendix F). All values were sought from published 
literature (Bowmer 1991; Boyd and Carlucci 1993; Castillo et al. 1997; Chapelle et al. 
1996; Chiang et al. 1989; Doick et al. 2005; Dragun 1988; Howard et al. 1991; 
Mackay et al. 1992; Verschueren 2001). If data were unobtainable from the literature, 
it was possible to derive half-life values from other published rate constant parameters 
using the power rate law (Formula 8, Appendix F) (Dragun 1988). Differences in 
biodegradation rates cited in the literature result from the operation of rate limiting 
steps such as the composition and size of the soil microbial populations, energy 
supply to the microbial populations, pH, acidity and alkalinity, temperature, moisture, 
chemical concentration, presence/absence of toxins/essential elements, nature of the 
media etc. Thus, different rates can be expected for soil, sediment, groundwater and 
surface water, and between aerobic and anaerobic conditions in these media (Table 
7.5), factors not always reflected in the literature (Alther et al. 1985; Howard et al. 
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1991). Also, biodegradation is only one of a number of pathways that can result in 
changes and/or ultimate removal of the chemical from the substrate (waste, liner, 
vadose zone, or aquifer). Many of these processes are abiotic and involve 
volatilisation/evaporation, oxidation, and hydrolysis as well as bioconcentration of the 
untransformed compound (Oweis and Khera 1998). 
7.1.5 Drainage system 
The maximum head of leachate on the drainage blanket at the base of the site was 
restricted to lm, as used in the generic landfill by Hall et al. (2006). The leachate head 
drives leakage from the landfill. 
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Table 7.5: Leachate composition includes a range of organic and heavy metals identified in various MSW leachates. All were entered as 
logtriangular variables, as recommended in the LandSim manual. Kappa values were derived from inverted Kd partition coefficients (see 
Table 7.7). Volatility is assumed to have a half-life of ten years. Biodegradation values are represented as half-lives in years, entered as 
logtriangular, loguniform or single values. Half-lives derived from literature cited in the text, particularly Howard et al. (1991), Mackay 
et al. (1992) and Verschueren (2001). 
Substance Min. (mg/1) Max. 
(mg/1) 
Most likely 
(mg/1) 
Rate of 
decline 
(kappa) 
Biodegradation in soil 
(half-life in years) 
Biodegradation in 
groundwater (half-
life in years) 
1,1,1-Trichloroethane* 1E-5 3.81 0.0381 Volatile 0.38 - 0.75 0.385 - 1.5 
1,2,4-Trimethylbenzene* 0.0003 0.25 0.01754 Volatile 0.02 - 0.08 - 0.2 0.038 - 0.154 
1,2-Dichloroethane* 0.0006 11 0.5499 Volatile 0.27 - 0.5 0.274 - 1 
1,4-Dioxane 0.0011 0.109 0.00392 0.689 0.077 - 0.5 0.254 - 2 
2,4-D* 0.001 0.005 0.003 0.37 0.008 - 0.038 - 0.57 0.019 - 0.115 
Acetone 0.006 13 6.497 Volatile 0.0027 - 0.019 0.0055 - 0.038 
Aniline 1.5E-5 0.007 0.001463 Volatile 0.01 — 0.0192 - 0.033 0.0063 
Table 7.5 - (continued) 
Substance Min. (mg/1) Max. Most likely Kappa Soil half-life (years) GW half-life (years) 
(mg/1) (mg/1) 
Atrazine* 1.3E-5 0.064 0.00404 0.13 0.082 - 0.16 - 0.9 0.275 
Benzene* 0.0002 1.63 0.324 Volatile 0.014 - 0.044 - 0.063 0.027 - 0.0603 - 2 
Benzylbutyl phthalate 0.0002 0.008 0.0011 0.0107 0.0027 - 0.019 0.0055 - 0.5 
(BBP) 
Bisphenol-A 0.00013 25 0.000352 0.0133 0.04 0.192 
Caffeine 2.2E-5 0.00928 0.0005172 0.7 0.0822 0.219 
Chlorobenzenes* 0.0001 0.188 0.0252 Volatile 0.19 - 0.41 - 0.063 0.373 - 0.822 
Cresols 0.041 1.5 0.432 0.45 0.079 0.134 
Di(2-ethylhexyl) phthalate 0.0006 7.9 1.05 0.0355 0.014 - 0.063 0.027 - 0.274 - 1.066 
(DEHP) 
Di-butyl phthalate (DBP) 0.0001 0.07 0.000922 0.021 0.0055 - 0.063 0.0055 - 0.063 
Dichlobenil 0.0001 0.0003 0.0002 0.369 0.173 0.173 
Table 7.5 - (continued) 
Substance Min. (mg/1) Max. Most likely Kappa Soil half-life (years) GW half-life (years) 
(mg/1) (mg/1) 
Dichlorobenzenes* 4E-5 0.032 5.22E-5 Volatile 0.063 - 0.5 0.154 -1 
Dichloroethylenes* 0.0014 6.582 0.0329 Volatile 0.077 - 0.5 0.154 - 0.7917 
Dichloromethane* 0.001 1.3 0.04279 Volatile 0.019 - 0.077 0.038 - 0.154 
Dichlorprop* 0.001 0.005 0.003 0.5 0.022 - 0.027 - 0.28 0.54 - 3.52 
Dichlorvos* 6E-5 0.012 0.0013 0.6 0.004 - 0.014 - 0.047 0.004 - 0.011 - 0.047 
Di-ethyl phthalate (DEP) 0.0001 0.66 0.000232 0.238 0.0082 - 0.154 - 0.0021 0.0164 - 0.308 
Ethylbenzene* 0.0002 1.28 0.2576 Volatile 0.0082 - 0.027 - 0.2 0.0164 - 0.625 
Glyphosate 0.0017 0.027 0.0142 0.7 0.027 - 0.153 - 0.521 0.0109 - 0.1918 
Hexachlorobenzene* 2.5E-5 0.01 0.00025 Volatile 2.7 - 6.4 5.3 - 11.4 
Ibuprofen 0.01 8 4 0.023 0.0575 0.0575 
Malathion* 2E-5 0.0002 0.00011 0.68 0.0082 - 0.019 0.023 - 0.282 
MCPA 0.0001 0.0091 0.000686 0.69 0.019 0.011 - 0.625 
Table 7.5 - (continued) 
Substance MM. (mg/1) Max. Most likely Kappa Soil half-life (years) GW half-life (years) 
(mg/1) (mg/1) 
Mecoprop* 0.00038 0.15 0.0759 0.64 0.019 - 0.037 - 1.482 0.0384 - 0.5 
Methyl tert-butyl ether 0.0008 0.035 0.001383 Volatile 0.077 - 0.5 - 0.65 0.154 - 1 
Naphthalene* 1.8E-5 0.4 0.03375 Volatile 0.0027 - 0.045 - 0.268 0.707 
Nonylphenol ethoxylate 0.001 0.008 0.002 Volatile 0.016 - 0.027 - 0.115 0.011 
Nonylphenols 0.0002 0.0352 0.00493 Volatile 0.055 - 0.181 - 0.285 0.011 - 0.127 - 0.318 
Oestradiol or similar 4.53E-5 6.75E-5 5E-5 0.0714 0.0959 0.0164 
Organotin* 2E-5 0.0011 0.00054 0.7 0.033 - 0.164 0.066 - 0.329 
PCBs: Biphenyl; MonoCB; 2E-5 0.00034 0.00018 Volatile 0.063 - 6.37 0.008 - 10 
PentaCB; NonaCB. 
Pentachlorophenol* 0.0001 0.0002 0.00015 0.089 0.063 - 0.288 0.126 - 0.56 
Phenols 3.9E-5 3.5 0.174 Volatile 0.0027 - 0.0096 - 0.063 0.027 - 0.137 - 0.822 
Phthalic acid 0.002 14 7 0.419 1E-6 - 5.13E-5 1E-6 - 5.1E-5 -0.0027 
Table 7.5 - (continued) 
Substance Min. (mg/1) Max. Most likely KappaI Soil half-life (years) GW half-life (years) 
(mg/1) (mg/1) 
Simazine* 5E-5 0.023 0.00355 0.201 0.126 - 0.162 0.0055 - 0.762 
Tetrachloroethylene* 1E-5 0.25 0.0163 Volatile 0.5 - 1 1 - 2 
Toluene* 1E-5 12.3 0.16 Volatile 0.011 - 0.06 - 0.2 0.019 - 0.077 
Trichlorobenzenes* 8E-6 0.0043 0.000211 Volatile 0.063 - 0.5 0.154 - 1 
Trichloroethylene* 5E-5 0.75 0.019 Volatile 0.2 - 0.5 - 0.6 0.5 - 0.892 - 1 
Vinyl chloride 0.000175 0.012 0.003635 Volatile 0.077 - 0.5 0.154 - 0.917 
Xylenes* 1E-5 3.5 0.072 Volatile 0.019 - 0.077 - 0.2 0.0082 - 0.0329 - 1 
PAHs* 0.00525 0.01225 0.00563 0.03 0.132 - 0.633 0.821 
Ammoniacal-N 4.37 3640 723 0.59 1E+9 1E+9 
Chloride 36.6 7760 2270 0.2391  1E+9 1E+9 
Cyanide/s* 0.05 0.16 0.105 -0.41751" 1E+9 1E+9 
Arsenic 0.000673 1.31 0.00484 -0.3071  1E+9 1E+9 
Table 7.5 — (continued) 
Substance Min. (mg/1) Max. 
(mg/1) 
Most likely 
(mg/1) 
Kappal Soil half-life (years) GW half-life (years) 
Cadmium* 0.0019 0.105 0.0101 -0.2191. 1E+9 1E+9 
Chromium 0.00855 1.75 0.0647 -0.0961. 1E+9 1E+9 
Copper 0.00489 1.13 0.0243 -0.2961.  1E+9 1E+9 
Lead 0.00957 1.02 0.13 -0.0731. 1E+9 1E+9 
Mercury* 3.94E-5 0.00195 8.91E-5 -0.5511. 1E+9 1E+9 
Nickel 0.00883 2.21 0.12 -0.35721.  1E+9 1E+9 
Zinc 0.00225 0.6 0.165 -0.01651  1E+9 1E+9 
*Substances treated as List 1 substances and hence will not be permitted to enter groundwater: all others are considered to be spot 
measurements of leachate quality. 
*For "volatile" assumes a half-life of 10 years. 
I. Based upon default parameters used by LandSim and the "most likely" initial concentration. 
7.1.6 Engineered barrier 
A composite liner of polyethylene (PE) membrane and clay was selected for the 
model in preference to other clay/membrane combinations, typical of recently 
constructed landfills. Where the initial site risk assessment has demonstrated a greater 
permeability of underlying substrate or the presence of an impermeable layer, 
adaptations to the barrier requirements can be made and LandSim is able to model 
several combinations of engineered barrier systems (EBS). Old landfill site (> 15 
years old) with no recorded remediation can be considered to have minimal barriers in 
place. A "typical" situation is, however, a mineral or clay liner of at least lm 
thickness and a PE (usually a high density polyethylene (HDPE)) membrane. All 
plastic membranes (or flexible membrane liners (FML)) used in conjunction with a 
mineral liner will possess minor flaws, the number of which will be determined to a 
certain degree by the presence or absence of construction quality assurance (CQA). 
The model assumed that a CQA assessor checked the construction and hence accepted 
the CQA default values provided by LandSim as being adequate for a generic landfill 
(Table 7.6). The onset of FML degradation was set by default to 150 years as a 
consequence of research on landfill liners in the United States (Hsuan and Koerner 
1995), with doubling of membrane defects every 100 years. 
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Table 7.6: Engineered barrier system parameters. 
Composite EBS 
	
Parameter value* Justification 
FML: pin holes per hectare 	Min. 0, Max. 25 	LandSim CQA default based 
FML: holes per hectare 	 MM. 0, Max. 5 
FML: tears per hectare 	 MM. 0, Most likely 
0.1, Max. 2 
FML degradation (yrs from start) 	150 
Time for defects to double (yrs) 	100 
Design thickness of clay (m) 	Single (1) 
Density of clay (kg/1) 	 Undefined 
Pathway moisture content (fraction) Loguniform (0.12, 
0.25) 
Path. longitudinal dispersivity (m) 	Single (0.1) 
Hydraulic conductivity of liner Loguniform (9.9E- 
(m/s) 	 10, 1.01E-9)  
on Hsuan and Koerner (1995) 
LandSim default (see above) 
LandSim default values (see 
above) 
LandSim default (see above) 
LandSim default (see above) 
Hall et al. (2006) 
No entry (but = 1800 kg/1) 
Hall et al. (2006) 
10% of pathway length 
Distribution around 1E-9 m/s 
(Hall et al. 2006) 
* "Loguniform" represents a logarithmic distribution between the minimum and 
maximum values stated thereafter. All other distributions as described earlier. 
The longitudinal dispersivity, dispersion of the leachate plume in the direction of 
flow, is accepted to be 10% of the pathway length — a generalisation sufficient for the 
level of accuracy required in the generic model. The hydraulic conductivity of clay is 
well described, with most sources citing a value of 1E-9 m/s (Hall et al. 2006, Miller 
and Clesceri 2003): a slight margin of error was adopted for the model. The 
engineered clay liner is constructed such that moisture content falls within a range of 
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values sufficient to bind the clay, preventing cracking, whilst restricting the 
transmissivity of the liner. The values used were adapted from Hall et al. (2006). 
Retardation, as discussed in Chapter 4, is an important factor in determining pollutant 
potential of a landfill leachate plume. Although leachate retardation operates at each 
stage of its progress from formation in the landfill, through the mineral liner and 
unsaturated zone, and into the aquifer, retardation was only applied to the mineral 
liner and the unsaturated zone in the LandSim model. Retardation utilizes soil 
partition coefficients, Kd, which were also used to derive kappa values for 
contaminant decline in the waste body. Soil partition coefficients are specific to the 
soil type and environmental conditions (temperature, pH, redox state etc.). Values 
were sought from the literature (Ahel and Giger 1993; Alloway 1995; Almendros 
1995; Carlon et al. 2004; Chu and Chan 2000; Impellitteri et al. 2003; Jones et al. 
2002; Karickhoff et al. 1979; Lai et al. 2000; Lee et al. 2001; O'Loughlin et al. 2000; 
Sauve et al. 2000; Stuer-Lauridsen et al. 2000; Turner et al. 2001). It was not possible 
to obtain a Kd value for every contaminant, particularly organic substances described 
as "emerging contaminants". Hence a number of assumptions were made when 
establishing these parameters such that all values were obtained using the same 
experimental protocol and only one partition coefficient applies to each contaminant 
across all soils (United States Environment Protection Agency 1999). LandSim 
possesses the capability to calculate Kd from the soil organic carbon adsorption 
coefficient (K0 ) (Formula 9, Appendix F) and can therefore utilize values of K. and 
octanol-water partition coefficients (K0W) obtained from literature sources and web-
based databases (Karickhoff et al. 1979; Mackay et al. 1992; Risk Assessment 
Information System 2005; Sangster Research 2005; United States Environment 
Protection Agency 2004; van Beelen 2000). All such calculations assumed a soil 
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carbon fraction (foe) of 1%, representative of a gravel medium. When different 
coefficient values were prescribed for the same contaminant, a mean value was 
adopted. Caution is therefore recommended when applying the retardation coefficient 
values shown in Table 7.7. 
7.1.7 Unsaturated zone 
Generally, modern landfills are not constructed beneath the water table: an 
unsaturated or vadose zone separates the base of the landfill from any underlying 
aquifer. The defining feature of the unsaturated zone is moisture content: any strata 
with moisture content <100% (or, as a fraction, <1.0) can be considered to be 
unsaturated. Levels of soil water vary considerably, caused by variations in soil type, 
climate etc. Modern landfills are constructed on strata of low permeability, hence 
selection of gravel as the geological unit does not reflect a typical or generic landfill 
model. However, gravel is the most permeable strata and hence represents a worst-
case scenario for the consequences of landfill leakage on groundwater. The 
parameters for moisture content, pathway density and hydraulic conductivity (Table 
7.8) reflect the properties of a gravel medium. For a medium such as clay, moisture 
content would be higher (approximately 0.7) and hydraulic conductivity considerably 
lower (1E-9 m/s). Pathway length and longitudinal dispersivity follow the generic 
landfill construct of Hall et al. (2006). 
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Table 7.7: Retardation parameters for the mineral liner and unsaturated pathway, 
provided as soil partition coefficients (Kd). 
data. 
Single values adopted due to incomplete 
Contaminants Retardation Contaminants Retardation 
parameter (Kd) parameter (Kd) 
1,1,1-Trichloroethane 0.4864 1,2-Dichloroethane 0.4379 
1,2-Dichlorobenzene 4.34 Dichloroethylenes 0.4379 
2,4-D 8.047 Trichloroethylene 0.677 
Ammoniacal-N 0.5 Tetrachloroethylene 1.068 
Arsenic 29 Trichlorobenzene 7.176 
Atrazine 2.304 Dichloromethane 0.088 
Benzene 1.655 Hexachlorobenzene 33.8 
Cadmium 75 1,2,4- 7.176 
Trimethylbenzene 
Chloride 0 Bisphenol A 752 
Chlorobenzene 2.68 Nonylphenol 
ethoxylate 
158.25 
Chromium 19 Nonylphenol 79.31 
Copper 35 DEHP 2818.38 
Cyanide 0.027 BBP 93.59 
Dichlorprop 10 DEP 1.262 
Dichlorvos 0.402 DBP 14.6 
Lead 900 Phthalic acid 0.7157 
Malathion 0.305 MTBE 0.0526 
Mecoprop 0.486 Acetone 0.01981 
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Table 7.7 — (continued) 
Contaminants Retardation Contaminants Retardation 
parameter (IQ) parameter (Kd) 
Mercury 52 Dibutyl tin 0.0588 
Naphthalene 18.37 Oestradiol 41.955 
Nickel 65 Vinyl chloride 0.2374 
Pentachlorophenol 33.8 PAH 33113 
Phenols 2.68 PCBs 448 
Simazine 1.49 1,4-Dioxane 0.1698 
Toluene 2.68 Caffeine 0.00536 
Xylene 4.43 DEET 3 
Zinc 62 NBBS 81.16 
Ethylbenzene 5.178 Cresols 4.34 
Aniline 0.4478 Ibuprofen 12.96 
Dichlobenil 8.128 PCDD 25 
Glyphosate 0.1879 PCDF 17 
MCPA 0.294 Phenazone 0.0098 
Overall, the unsaturated zone is an aerobic region, although progression towards an 
anaerobic status is possible, depending upon the level of flow from the landfill and 
accompanying saturation levels achieved. The leachate front will advance through the 
zone, initially permitting loss of some volatile compounds to unsaturated pores and 
thence to the atmosphere (Robinson 1995). Non-volatile substances will decline in 
the leachate plume by a variety of processes including dispersion, retardation/sorption 
and biodegradation. All three processes were incorporated into the unsaturated zone 
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model. Longitudinal dispersivity, as stated earlier, represented 10% of the pathway 
length whilst biodegradation rates, obtained from the literature and corresponding to 
rates recorded in various soil types, are provided in Table 7.5. Levels of retardation, 
as Kd coefficients, are as shown in Table 7.7. 
Table 7.8: Unsaturated zone parameters. 
Parameter 	 Parameter 	Justification 
value* 
Geological unit 
Pathway length (m) 
Flow model 
Pathway density (kg/1) 
Pathway hydraulic conductivity 
(m/s) 
Path. longitudinal dispersivity (m) 
Retardation 
Gravel 
Single (5) 
Porous 
Logtriangular 
(1.1, 1.28, 1.6) 
Loguniform 
(3E-4, 3E-2) 
Single (0.5) 
Yes 
Worst-case scenario 
Hall et al. (2006) 
Includes all strata except chalk 
Typical moisure content for 
gravel and silt mixture (Table 
6.5) 
Hillel (1980) — bulk density 
range for most soil types 
Domenico and Schwartz (1998) 
— for gravel 
10% of pathway length 
See separate table of values 
Pathway moisture content (fraction) Single (0.15) 
* "Logtriangular" represents a logathimic distribution with minimum, maximum and 
most likely values. All other distributions as described earlier. 
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7.1.8 Vertical pathway 
This is not essential to the operation of LandSim. The vertical pathway is the 
capillary fringe exerted by the saturated zone upon the unsaturated such that flow of 
water and associated contaminants is downwards. It is not always present and so, in 
order to reduce levels of complexity and the number of assumptions regarding 
parameter assignment for a generic landfill, the vertical pathway was omitted from the 
HHW model. 
7.1.9 Aquifer 
LandSim adopts a simple groundwater flow pattern based upon Darcy's Flux Law 
(Freeze and Cherry 1979). Darcy's Flux provides a simple description of the flow of 
groundwater, determining that the rate of flow is proportional to the product of the 
cross-sectional area through which flow can occur, the hydraulic gradient, and the 
hydraulic conductivity (Formula 10, Appendix F). LandSim can calculate the Darcy 
Flux from the aforementioned parameters but a Darcy Flux value can be entered 
rather than calculated. Hall et al. (2006) provide a generic Darcy's Flux value (flow 
rate) of 1E-6 m/s. LandSim does not possess the capability to model contaminant 
flow other than as a solute of the same density and viscosity as the groundwater. As 
such, non-aqueous phase liquids (NAPL) and multiphase flow are not considered even 
though certain of the contaminants entered into the leachate inventory can be 
described thus. 
The mixing zone refers to the zone of entry of the leachate plume into the aquifer. 
The depth of this zone can be entered into LandSim or, as selected here, calculated by 
the program based upon aquifer thickness and vertical dispersivity. This latter form 
of dispersion, caused by the downward flow of leachate acting on the horizontal 
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aquifer, is of the order of 1% of the depth of the aquifer. The pathway porosity value 
specified, a generic value used by Hall et al. (2006), describes the median porosity of 
gravel, sand, and a number of rock types as well as the lower values for silt and clay 
(Freeze and Cherry 1979). Thus, clays are more porous than gravel, despite the 
former being less permeable than the latter. Longitudinal and transverse dispersion 
are also considered. Transverse dispersion occurs perpendicular to bulk flow and is 
generally less significant an effect than longitudinal dispersion, as demonstrated by 
the difference in proportions of pathway length (Table 7.9). 
Whilst retardation can be assumed to occur in the aquifer, it has been omitted from the 
LandSim model, reducing the number of assumptions made. This is particularly 
important regarding the scarcity of information in the literature. Biodegradation was 
applied to the aquifer, the half-lives used shown in Table 7.5 as groundwater 
biodegradation rates. 
7.1.10 Other LandSim parameters 
The LandSim menu offers several other parameters for consideration prior to model 
simulation. The number of simulations can be manipulated, the iterations specified 
determining the confidence level of the results. A total of 1001 iterations would be 
required for a 99% confidence interval. Given the uncertainty regarding many of the 
parameters applied to the generic landfill model, a 95% confidence interval was 
sufficient for the purposes of this investigation, requiring 201 iterations. 
Several simulations can be run by LandSim including contaminant plume migration, 
landfill hydraulics, maximum leachate head and the behaviour of each contaminant in 
the leachate plume. The "Full Calculation" option models many of these aspects, 
261 
particularly hydraulics and contaminant concentration, generating graphical 
representations over a 20,000 year time interval. 
Table 7.9: Aquifer pathway parameters (hydraulic conductivity and regional gradient 
options not shown as Darcy's Flux value removed the need for their use). 
Parameter 	 Parameter value* 	Justification 
Geological unit 
	
Generic 	 Hall et al. (2006) 
Pathway length (m) 	Uniform (200, 1100) Default values and Hall et al. 
(2006) 
Pathway depth (m) 	 Uniform (500, 600) 	Hall et al. (2006) 
Calculate mixing zone? 	Yes 
Aquifer thickness (m) 	Single (20) 	 Hall et al. (2006) 
Relative vertical dispersivity 	Single (0.2) 	1% of pathway thickness (= 
lateral pathway) 
Darcy Flux (m/s) 	 Single (1 E-6) 	Adapted from Hall et al. (2006) 
Pathway porosity (fraction) 	Single (0.3) 	Hall et al. (2006) & Freeze and 
Cherry (1979) 
Longitudinal dispersivity (m) Single (2) 	 10% of the pathway (aquifer 
thickness) 
Transverse dispersivity (m) 	Single (0.6) 	3% of the pathway (aquifer 
thickness) 
* "Uniform" represents a constant range of values between the minimum and 
maximum values stated. All other distributions as described earlier. 
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7.1.11 Uncertainty and variability 
Every landfill is different and the parameter and model values can vary considerably 
between different landfill situations. Uncertainty regarding the model and parameters 
selected can also be expected, as reflected by the probablistic assessment inherent to 
LandSim. Many of the values used in the HHW simulation model have been reported 
elsewhere with regard to a generic landfill model (Hall et al. 2006). Data such as the 
leachate inventory values adopted, which include a range of concentrations obtained 
from a number of landfills in Europe or the USA, are less certain. Similarly, the 
retardation and biodegradation parameters vary from source to source (Renner 2002). 
LandSim itself introduces further elements of uncertainty through the simplification 
of what is a complex landfill-hydrogeological system, for instance, the exclusion of 
pH integration. More importantly, the steps to leachate production from the types of 
waste disposed of are not considered, a factor that has been integrated into the 
LandSim sister package, GasSim (Golder Associates 2004b). However, it must be 
recognized that further model complexity would probably fail to contribute 
significantly to the results achieved, given the paucity of data regarding many of the 
parameters. 
7.2 	Results of the HHW simulation 
The results of the model simulation reveal a number of factors concerning leachate 
formation, composition, leakage and behaviour in unsaturated soil and groundwater. 
LandSim models head on EBS, leakage from EBS, dilution by groundwater, leakage 
and aquifer flow, flow to leachate treatment plant and surface breakout, thus 
describing the hydraulic properties of the landfill leachate. The concentration of each 
contaminant is modelled over time at source (within the waste body), at the base of 
the mineral liner, the base of the unsaturated zone and in the aquifer (at the off-site 
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compliance point). The approximate time to peak concentration of each substance at 
the base of the unsaturated zone and in the aquifer described as a probability function 
can also be obtained. All results provide a long-term prediction of the influence of 
landfill leachate on the surrounding environment. 
Hydraulic model simulations revealed that, after leachate removal for treatment ceases 
following the thirty-year post-closure management period, the head of leachate on the 
engineered barrier system increased to and remained just below 20 m (95th percentile), 
the maximum depth of the waste, for the 20,000 year modelling period (Figure 7.2). 
The increase in leachate head/depth was a consequence of the breakdown of the 
capping system, which commenced 250 years after landfilling began (Table 7.1). A 
peak head of 20 m and over was modelled as occurring between 600 and 1200 years, 
corresponding to a period of leachate surface breakout (Figure 7.3). This period 
therefore poses a threat to the contamination of surface water, with consequences for 
the environment downstream of the landfill. Release to the surface rapidly declined to 
zero thereafter, as leakage increased from the base of the site as a result of the gradual 
degradation of the liner system, which can be assumed to be fully degraded at 2,500 
years (doubling of liner defects every 100 years). Leakage levels through the base of 
the landfill were also seen to increase as a result of cap and FML degradation, rising 
to 27,000 litres per day after 1000 years (Figure 7.4). 
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Figure 7.2: Leachate head on EBS. The maximum head height is exceeded between 
approximately 600 — 1,200 years, and thereafter declines to just below the full depth 
of the waste. Although not shown, the height achieved after 1,250 years remains at a 
constant level to 20,000 years. 
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Figure 7.3: Surface breakout is modelled as occurring between 600 and 1,200 years 
after landfilling began and corresponds to the period of maximum leachate head 
(Figure 7.2). Only the 95th percentile suggests a surface breakout event, which ceases 
after 1,250 years. 
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Figure 7.4: Leakage from EBS for the first 3,000 years. Initial, spiked increase after 
40 years represents the cessation of removal of leachate for treatment, whilst the 
increase between 250 — 1,000 years corresponds to cap degradation and increased rate 
of infiltration. After approx. 1,500 years, a leakage rate of 27,000 liday (95th 
percentile) is constant to 20,000 years. 
For all contaminant concentrations within the waste body of the landfill, levels 
declined from peak values achieved during active landfill disposal (t < 10 years). 
Most organic compounds were not evident in the landfill beyond 100 years of 
landfilling, with the exception of generic polycyclic aromatic hydrocarbons (PAHs), 
certain pesticides and phthalates. The decline of pesticide concentrations varied, with 
atrazine and simazine evident in the waste body up to 4,000 years after landfilling 
began, but most pesticides declined within 1,000 years. Phthalates were generally still 
high at 20,000 years although concentrations of diethyl phthalate and phthalic acid 
were approximately zero after 2,000 years. Inorganic substances declined less 
rapidly, with metal content in the landfill being negligible after about 4,000 years and 
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chloride after 1,000 years. Ammoniacal-nitrogen also demonstrated a steady decline 
within the first 1,000 years. Hence, surface seepage of leachate from the landfill as 
shown in Figure 7.3 could contain a number of contaminants. It is therefore possible 
for leachate containing heavy metals and pesticides alongside other diverse chemical 
groups to contaminate surface water bodies and affect land use in the vicinity of the 
landfill. The removal of leachate for treatment ceases after 40 years, although a 
number of substances are modelled as being present in the leachate and therefore 
available for transport from the landfill. Combined with increased levels of leakage 
(Figure 7.4), the presence of a number of substances beyond the boundaries of the 
landfill would therefore appear likely. 
LandSim provided an indication of the likelihood of groundwater contamination 
through provision of the concentrations at the base of the clay liner, the base of the 
unsaturated zone prior to any dilution and at the off-site compliance point within the 
aquifer after accounting for dilution. Regulatory restrictions, such as the EU 
Groundwater Directive 80/68/EEC, prohibit direct or indirect discharge into 
groundwater of List I (toxic, persistant or bioaccumulative) substances and limits 
discharges of List II substances (European Council 1980b). Hence, List I and, to a 
lesser extent, List II substances should not be evident at either the base of the 
unstaurated zone and compliance point at any concentration. In England and Wales, 
Minimum Reporting Values (MRVs) are applied to List I and List II substances to 
ensure compliance with the Groundwater Directive (Leeson et al. 2003). The United 
States drinking water standards establish a similar list of contaminants with 
accompanying concentration levels, the Maximum Concentration Limits (MCLs) 
(United States Federal Code 1974). Comparison of the maximum peak concentrations 
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at the unsaturated zone and compliance point also revealed the potential contaminant 
capability of a substance. 
Most contaminants were modelled as being present at the base of the clay liner, 
although some occurred at very low concentrations (< 1 mil), and hence can be 
considered to be available for progression into the unsaturated zone below the landfill 
(Table 7.10). Exceptions to this include nonylphenol, PAHs, and polychlorinated 
biphenyls (PCBs), which did not progress further than the base of the EBS. 
Ammoniacal-nitrogen and chloride dominated over the other substances included in 
the landfill simulation, such that peak concentrations of 800 mg/1 and 2,100 mg/1 
respectively were modelled at the base of the liner. Phthalic acids, acetone, 1,2-
dichloroethane and ibuprofen were among the organic substances that exhibited the 
highest concentrations, exceeding the levels achieved for the inorganic substances 
(Table 7.10). The time to maximum concentration at the base of the clay liner varied 
considerably, from 10 years for a number of organic substances to several thousand 
for many metals (Table 7.10). 	Several substances described as "emerging 
contaminants", among which phthalates, bisphenol A and the pharmaceutical 
compounds ibuprofen and oestradiol can be classed, demonstrated long lag periods of 
up to 10,000 years to the attainment of peak contaminant load. 
At the base of the unsaturated zone, only the inorganic substances (metals and cyanide 
compounds) with low levels of certain chlorinated hydrocarbons (including 1,2-
dichloroethane, dichloroethylenes, trichloroethylenes, tetrachloroethylene, 1,1,1-
trichloroethane (1,1,1-TCE), and dichloromethane), the pesticide glyphosate, methyl 
tert-butyl ether (MTBE), organotins, vinyl chloride, 1,4-dioxane, and caffeine, were 
present. However, all were considerably lower in concentration than ammoniacal- 
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nitrogen and chloride, neither of which had been greatly attenuated. All substances 
found at the base of the unsaturated zone share the similarities of long estimated half-
lives and high retardation factors. Peak concentrations in the unsaturated zone 
occurred between 15 years for chloride and dichloromethane and 3,500 years for 
several metals (mercury, cadmium, zinc and lead), indicating that any pollution events 
would not be simultaneous. 
Of the organic contaminants, only MTBE, 1,1,1-TCE and 1,4-dioxane exhibited 
discernible levels at the downgradient groundwater compliance point (Table 7.10). 
The inorganic substances were the main causes of concern for leachate plume leakage, 
often being only one order of magnitude less than at the base of the unsaturated zone 
and attaining peak concentrations at least 10 years (500 years for many heavy metals) 
later. Ammoniacal-nitrogen and particularly chloride levels remained particularly 
high, with dilution in groundwater the primary degradation pathway. Despite low 
concentrations, the presence of the List I substances mercury, cadmium, cyanide 
compounds, and 1,1,1-TCE as well as List II MTBE, contravened the Groundwater 
Directive in this simulation. Selected LandSim-generated graphs demonstrating 
patterns of contaminant evolution are provided in Appendix G. 
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Table 7.10: Occurrence of contaminants at the base of the clay liner, base of the unsaturated zone, and at the compliance point. Peak 
concentrations listed, occurring at different times over the 20,000-year history. See Appendix G for selected LandSim graphs. 
Contaminant Base of clay 
liners 
(µg/1) 
Time to peak 
conc at liner 
(years) 
Base of 
unsaturated zones 
(lga) 
Time to peak 
conc at UZ 
(years) 
Off-site 
compliance points 
(nil) 
Time to peak conc 
at CP (years) 
1,1,1-Trichloroethane* 440 20 9E-3 35 3.5E-8 45 
1,2,4- 0.5 150 0 0 0 0 
Trimethylbenzene* 
1,2-Dichloroethane* 1700 18 4E-3 30 —0 50 
1,4-Dioxane 20 15 5.5E-3 35 3E-7 200 
2,4-D** 2.8 300 0 0 0 0 
Acetone 2800 10 0 0 0 0 
Aniline 0.95 20 0 0 0 0 
Atrazine* 25 200 0 0 0 0 
Benzene* 213 40 0 0 0 0 
Table 7.10 — (continued) 
Contaminant 	 Base of clay 	Time to peak Base of 	 Time to peak 	Off-site 	 Time to peak conc 
linert 	conc at liner unsaturated zonet conc at UZ 	compliance pointt at CP (years) 
(pg/l) 	 (years) 	(pg/l) 	 (years) 	(mil) 
Benzylbutyl phthalate 1.8 2,500 0 0 0 0 
(BBP) 
Bisphenol-A 220 10,000 0 0 0 0 
Caffeine 1.75 10 5.5E-6 20 0 0 
Chlorobenzenes* 10 40 0 0 0 0 
Cresols 420 200 0 0 0 0 
Di(2-ethylhexyl) 
phthalate (DEHP) 
1.28E-3 4,500 0 0 0 0 
Di-butyl phthalate 8 1,000 0 0 0 0 
(DBP) 
Dichlobenil* 0.155 300 0 0 0 0 
Table 7.10 — (continued) 
Contaminant 	Base of clay 	Time to peak Base of 	 Time to peak 	Off-site 	 Time to peak conc 
liners 	conc at liner unsaturated zones conc at UZ 	compliance points at CP (years) 
(pg/1) 	(years) 	(pg/1) 	 (years) 	(pa 
Dichlorobenzenes* 8E-2 50 0 0 0 0 
Dichloroethylenes* 540 20 1.8E-4 30 0 0 
Dichloromethane 
(methylene chloride)* 
240 12 1E-7 16 0 0 
Dichlorprop* 2.34 300 0 0 0 0 
Dichlorvos* 5 40 0 0 0 0 
Di-ethyl phthalate 60 150 0 0 0 0 
(DEP) 
Ethylbenzene* 5.5 100 0 0 0 0 
Glyphosate** 11.5 15 3.8E-4 40 0 0 
Hexachlorobenzene* 2E-4 350 0 0 0 0 
Table 7.10 — (continued) 
Contaminant Base of clay 
liners 
(mil) 
Time to peak 
conc at liner 
(years) 
Base of 
unsaturated zones 
(nil) 
Time to peak 
conc at UZ 
(years) 
Off-site 
compliance points 
(pg/1) 
Time to peak conc 
at CP (years) 
Ibuprofen 2400 1,000 0 0 0 0 
Malathion* 0.12 15 0 0 0 0 
MCPA** 1.9 30 0 0 0 0 
Mecoprop** 77 30 0 0 0 0 
Methyl tent-butyl ether** 6 10 3.7E-2 20 5E-8 25 
Naphthalene* 0.12 250 0 0 0 0 
Nonylphenol ethoxylate 1E-5 375 0 0 0 0 
Nonylphenols 0 0 0 0 0 0 
Oestradiol or similar 2.9E-2 1,500 0 0 0 0 
Organotin* 0.62 10 2.3E-6 40 0 0 
PCBs 0 0 0 0 0 0 
Table 7.10 — (continued) 
Contaminant 	Base of clay 	Time to peak Base of 	 Time to peak 	Off-site 	 Time to peak cone 
'inert 	cone at liner unsaturated zones cone at UZ 	compliance points at CP (years) 
(Aga) 	(years) 	(nil) 	 (years) 	(lga) 
Pentachlorophenol* 8.5E-2 1,000 0 0 0 0 
Phenols 51 50 0 0 0 0 
Phthalic acid 3150 50 0 0 0 0 
Simazine* 10 250 0 0 0 0 
Tetrachloroethylene* 26 30 2.7E-5 60 —0 100 
Toluene* 200 50 0 0 0 0 
Trichlorobenzenes* 1E-2 150 0 0 0 0 
Trichloroethylene* 80 23 3.5E-5 35 0 0 
Vinyl chloride 2.5 15 1.8E-4 30 0 0 
Xylenes* 11 100 0 0 0 0 
PAHs* 0 0 0 0 0 0 
Table 7.10 — (continued) 
Contaminant Base of clay 	Time to peak 	Base of unsat. 
lin& (Aga) 	cone at liner (yr) 	zonet (nil) 
Time to peak 
conc at UZ (yr) 
Off-site compli. 
pointt (nil) 
Time to peak cone 
at CP (years) 
Ammoniacal-N** 800,000 35 	 750,000 75 6,440 195 
Chloride 2,100,000 10 	 2,100,000 15 17,000 140 
Cyanide/s* 125 15 	 51 25 0.11 150 
Arsenic** 70 800 	 48 2,500 1.18 2,500 
Cadmium* 4 1,000 	 1.1 3,500 2.74E-2 4,000 
Chromium** 155 400 	 75 1,500 1.53 1,700 
Copper ** 60 750 	 25 2,000 0.61 2,500 
Lead** 7.5E-2 3,000 	 0 but increasing >20,000 0 0 
Mercury* 0.2 1,200 	 1.25E-1 3,500 3.35E-3 4,000 
Nickel** 60 750 	 18 3,000 0.45 3,500 
Zinc** 34 1,000 	 14 3,500 0.34 3,500 
t 95th percentile values. *List 1 contaminants (Groundwater Directive **List II contaminants (as before). 80/68/EEC). 
7.3 	Comparison of simulation results with water quality indices 
Around the world, water is increasingly being abstracted from groundwater resources 
to meet the escalating need for drinking water. In the UK, only about a third of 
drinking water derives from aquifers (Environment Agency 2005a). However, with 
current climate projections suggesting a decline in levels of precipitation, the tapping 
of groundwater may escalate. Landfills tend not to be situated in drinking water 
source protection zones but with the need to utilize greater amounts of water, the 
situation might change. As such, it is important to ascertain the long-term risk posed 
by MSW landfills to underlying aquifers which may or may not be used for drinking 
water abstraction. 
The concentrations of contaminants in the simulated leachate plume were compared to 
the regulatory limits and guidelines imposed to maintain groundwater quality for 
current or future drinking water abstraction (Table 7.11). The United States and EU 
have both established drinking water standards - a list of contaminants with 
accompanying concentration limits, termed the MCLs in the USA (European Council 
1998; United States Federal Code 1974). Using the levels at the base of the 
unsaturated zone, only arsenic, chromium and cyanides approached one or both of the 
two regulatory-imposed drinking water limits used for comparison. Downgradient 
compliance point levels did not exceed either drinking water standard although the 
discharge of List I contaminants would be cause for concern. Other water quality 
measurements listed in Table 7.11 (MRVs, Maximum Concentration Limit Goals 
(MCLGs) and World Health Organization (WHO) levels) are guidelines and not 
legally enforceable (Leeson et al. 2003; United States Federal Code 1974; WHO 
1993). Of these, the MRVs were exceeded by mercury and cadmium at the base of the 
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unsaturated zone and therefore at entry to groundwater, but not at the compliance 
point. 
Given the time periods involved in attainment of peak contaminant concentrations, it 
is possible that certain substances will pose future threats to potential drinking water 
resources. As analytical techniques improve and more evidence is obtained regarding 
the potential harm posed by an increasing array of organic and inorganic substances, it 
is possible that drinking water limits will be lowered and more chemicals added to the 
list of restricted or banned substances. In which case, the levels obtained in the 
LandSim HHW model, assuming all parameter values are representative of a UK 
landfill, would be definite causes for concern unless landfill management periods, and 
other management criteria, are reassessed. 
7.4 	LandSim alternatives 
Other contaminant-groundwater modelling programs are also available, including 
various programs provided by the US-EPA and a number developed by landfill 
researchers e.g. MOCLA (Kjeldsen and Christensen 2001; United States Environment 
Protection Agency 2004). Most software packages are not specific to landfill, i.e. 
make reference to contamination from any point source, and often examine a single 
contamination pathway, such as to soil or to groundwater, rather than a multi-stage 
process including soil and groundwater. LandSim is widely used to assess the impact 
of individual landfills and has had considerable practical application within the UK. 
It is not widely used, or even known, outside the UK and hence is largely absent from 
non-UK landfill simulation reports. Despite the number of limitations applicable to 
LandSim, as discussed earlier (section 7.1.11), alternatives to LandSim also possess a 
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number of limitations/data uncertainities. As such, LandSim is arguably the most 
versatile tool to examine the potential consequences of HHW disposal to landfill. 
7.5 Summary 
LandSim simulation software enables the behaviour of contaminants associated with 
the disposal of HHW to MSW landfills to be modelled. Within the worst-case 
scenario modelled, arsenic, chromium, cadmium and mercury were found to exceed 
criteria adopted in the EU and groundwater reporting thresholds, indicating that 
contaminant problems from engineered landfills may be problematic decades or 
centuries after landfilling first began. Most organic contaminants were attenuated 
within the unsaturated zone, although certain List I pollutants were present at the base 
of this zone and would be expected to enter the aquifer. Whilst the landfill model 
represented a worst-case scenario, certain MSW landfills have the potential to pose a 
long-term threat to drinking water supplies. The long-term management of landfills is 
therefore required as a 30-year post-closure management period may not be sufficient 
in certain circumstances. 
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Table 7.11: Results of LandSim simulations measured at the base of the unsaturated 
zone (UZ) and the off-site groundwater compliance point (CP) compared to regulatory 
limits for chemicals in drinking water and preferred guidelines for maximum 
concentration in drinking water or groundwater. Concentrations at the base of the UZ 
represent levels at the groundwater entry point whilst CP concentrations indicate 
potential contaminant levels downgradient of the landfill - at a potential groundwater 
extraction point. Blank entries - no regulatory/guideline limits established. 
Contaminant 
MCLG' 
(mg/1) 
MCL2 
(mg/1) 
WHO3  
(mg/1) 
EU4 
(mg/1) 
MRV3  
(mg/1) 
Base 	of 
(mg/1) 
UZ 	Grdwater off- 
site CP (mg/1) 
Arsenic 0 0.01 0.01 0.01 0.048 0.00118 
Cadmium 0.005 0.005 0.003 0.005 0.0001 0.0011 0.000027 
Chromium 0.1 0.1 0.05 0.05 0.075 0.00153 
Copper 1.3 1.3 2 2 0.025 0.00061 
Lead 0 0.015 0.01 0.01 0 0 
Mercury 0.002 0.002 0.001 0.001 0.00001 0.000125 0.00000335 
Nickel 0.02 0.02 0.018 0.000446 
Zinc 0.014 0.000344 
Cyanide 0.2 0.2 0.07 0.05 0.051 0.00011 
Benzene 0 0.005 0.01 0.001 0.001 0 0 
Ethylbenzene 0.7 0.7 0.3 0 0 
Toluene 1 1 0.7 0.004 0 0 
Xylene(s) 10 10 0.5 0.003 0 0 
Atrazine 0.003 0.003 0.002 0.0001 0.00003 0 0 
2,4-D 0.07 0.07 0.03 0.0001 0.0001 0 0 
Dichlorprop 0.1 0.0001 0 0 
Glyphosate 0.7 0.7 0.0001 3.8E-7 0 
Malathion 0.0001 0.000001 0 0 
MCPA 0.002 0.0001 0 0 
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Table 7.11 - (continued) 
MCLG' 
Contaminant (mg/I) 
MCL2 
(mg/1) 
WHO3  
(mg/1) 
EU4 
(mg/1) 
MRV5 
(mg/I) 
Base 	of 
(mg/I) 
UZ 	Grdwater off- 
site CP (mg/1) 
Mecoprop 0.01 0.0001 0.00004 0 0 
Simazine 0.004 0.004 0.002 0.0001 0.00003 0 0 
Cumulative pesticides 0.0005 3.8E-7 0 
1,1,1-Trichloroethane 0.2 0.2 0.0001 9E-6 -0 
1,2-Dichloroethane 0 0.005 0.03 0.003 0.001 4E-6 -0 
0.007 - 	0.007 - 	0.03 	- 1.8E-7 0 
Dichloroethylenes 0.1 0.1 0.05 
Trichloroethylene 0 0.005 0.07 0.01 0.0001 3.5E-8 0 
Tetrachloroethylene 0 0.005 0.04 0.01 0.0001 2.7E-8 -0 
Chlorobenzene 0.1 0.1 0 0 
0.075 - 	0.075 - 	0.3 - 1 0 0 
Dichlorobenzenes 0.6 0.6 
Trichlorobenzene 0.07 0.07 0.00001 0 0 
(1,2,4-) 
Dichloromethane 0 0.005 0.02 1E-10 0 
Hexachlorobenzene 0 0.001 0.000001 0 0 
Pentachlorophenol 0 0.001 0.009 0.0001 0 0 
DEHP 0 0.006 0.008 0 0 
Vinyl chloride 0 0.002 0.0003 0.0005 1.8E-7 0 
PAHs 0 0.0002 0.0001 0 0 
PCBs 0 0.0005 0.000001 0 0 
Organotin 0 0 
'Maximum concentration limit goal - US-EPA. 	2Maximum concentration limits for US drinking water. 
3WHO guidelines. 	 4EU drinking water limits. 
5Minimum reporting values (MRV) - Environment Agency of England and Wales. 
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CHAPTER EIGHT 
"Every ceiling, when reached, becomes a floor, upon which one walks as a matter of course and 
prescriptive right. " — Aldous Huxley (1894-1963) 
DISCUSSION: HOUSEHOLD HAZARDOUS WASTE 
DEFINITION, QUANTITIES, RISKS AND REGULATIONS  
As Chapter 3 detailed, household hazardous waste (HHW) is rarely considered in 
surveys of domestic or municipal waste streams. If reference is made, the waste 
streams that conform to the hazardous classification are unclear. Often, HHW has 
been listed as a separate category to car batteries, waste oil and waste electrical and 
electronic equipment (WEEE). As such, there have been no accurate estimates of 
HHW generation and disposal in the UK. With HHW excluded from much of the 
hazardous waste legislation in the European Union (EU) and hence the United 
Kingdom (UK), there has been no regulatory requirement to gather source data. As 
currently most of the UK's domestic waste is disposed of to landfill, a pattern repeated 
in many countries around the world, any potential effects on the environment resulting 
from the disposal of HHW can be expected to arise from landfill disposal. Chapter 4 
showed that evidence of substances such as the herbicide mecoprop in leachate from 
municipal solid waste (MSW) landfills serve to indicate landfill disposal of HHW. 
However, few studies have specifically evaluated such landfill leachate for HHW 
compounds. 
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8.1 	Towards a definition 
Municipal waste is dominated by waste collected from households. As such, most of 
the hazardous waste collected can be expected to derive from households — hence the 
term "household hazardous waste". However, non-household municipal waste may 
also contain hazardous waste similar to the hazardous waste discarded from 
households. Much of this latter waste will derive from small pharmacies, photography 
shops, hardware/DIY shops etc., and hence has the potential to contain higher 
concentrations of certain hazardous substances. Municipal hazardous waste (MHW), 
including household hazardous waste, is perhaps a more appropriate term but 
quantification is complicated by the inclusion of small businesses alongside 
households. Data concerning MHW are less available than for HHW, with no studies 
reported in the literature. Evaluating 1-11-1W provides a guide to total MHW but a 
separate study protocol would need to be developed to assess all of the potential 
originators of MHW. Clearer definition of "municipal", "household" and even 
"domestic", including development of terms relating to the hazardous proportion 
produced in each, is needed in the legislation and in relevant literature. 
The HHW stream is an inclusive category of wastes arising from a number of different 
uses, consisting of a variety of different chemical components. Unlike other 
household waste categories, which are grouped by similarity of composition such as 
plastics, paper and glass, F11-1W, when separately collected, is principally classified due 
to possession of dangerous properties. A dangerous or hazardous property may be 
considered to be anything that causes harm to human health or the environment or 
proves to be problematic to dispose of due to its chemical or biological nature 
(National Household Hazardous Waste Forum 1999). A definition of what constitutes 
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a dangerous or hazardous property is objective in legislation; however, what is 
hazardous to one organism or ecosystem might be non-hazardous to another. As such, 
the items comprising the HHW stream vary according to the classification adopted. A 
combination of the product group omissions and lack of adequate explanations 
accompanying the listings has resulted in ambiguity concerning the HHW stream, as 
discussed in Chapter 2. For instance, the European Waste Catalogue (EWC) includes 
cytotoxic and cytostatic medicines as a hazardous mirror entry in Chapter 20. It is 
unclear whether reference is being made to pharmaceuticals used in the treatment of 
illnesses such as cancer or whether all medicines with such properties, including 
antibiotics and antiseptics, are incorporated in the entry. Categories of 111-1W need to 
be more explicitly stated, whether in legislation or otherwise, and it would be 
beneficial to include product groups currently absent from household/municipal waste 
lists, including all pharmaceuticals and end-of-life vehicles. 
There can be little doubt that the hazardous wastes listed in the EWC possess 
hazardous properties. However, a hazardous waste need not be a risk to the 
environment and/or human health. A risk is the probability of a hazard occurring. It is 
therefore influenced by the quantity of hazard present (in this case, the amount of 
waste substance), the existence of a pathway to the receptor (disposal route) and the 
effect upon the receptor. Some products are more commonly used than others, and 
hence will generate more waste: pesticides are more widely used than photochemicals 
by the average householder. Different methods of disposal indicate that certain 
environmental sectors are more heavily exposed to HHW than are others. For 
instance, detergents, personal care products and pharmaceuticals are more problematic 
as liquid wastes disposed of to sewer than as discarded containers in residual MSW. 
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Hence, the environmental consequences would be centred around wastewater 
treatment plants and receiving waters. The level of risk, rather than possession of a 
hazard, determines whether action needs to be taken regarding the disposal of HHW. 
8.2 	Quantification of the sales-use-disposal pathway 
As discussed in Chapter 3, reported estimates of the quantities of 111-1W generated in 
the UK and elsewhere vary considerably. Much of this variation is due to the use of 
different HHW definitions with the inclusion or exclusion of different waste 
categories. Cited proportions of HHW vary from <1% to 4% of MSW. With UK 
domestic waste production at approximately 30 million tonnes per annum, HHW 
generation would therefore lie in the range of <300,000 tonnes to 1.2 million tonnes. 
Within this variable range of estimated values, the proportions of individual waste 
categories vary considerably with WEEE reportedly contributing almost 450,000 
tonnes alone, considerably higher than the lowest estimate of the range. To improve 
quantification of HHW, two studies were initiated and the results described in 
Chapters 5 and 6. 
8.2.1 Comparison of quantities stored and disposed of 
The findings of the questionnaire-based survey of HHW arisings reported in Chapter 5 
attempted to model product possession as an intermediate step in the sales to waste 
pathway using a selection of socio-demographic variables. The responses from the 
questionnaires were cautiously expanded to the UK population to provide rough 
estimates of the amounts of products with the potential to form HHW in use or storage 
within the UK (Table 8.1). The direct analysis study reported in Chapter 6 generated 
more accurate estimates of HHW arisings and, following a simple extrapolation, 
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permitted comparison with the findings of the questionnaire survey study (Table 8.1). 
Combined with the accompanying questionnaires, the disposal quantities also 
generated possible guide values regarding the amounts of hazardous product 
purchased. 
The storage quantities represent a snap-shot of product possession at the time of the 
questionnaire (summer 2003) whilst the disposal quantities have been extrapolated to 
provide estimated proportions of HHW disposed over a typical year. Where data are 
available, the HHW quantities represent variable fractions of the products stored, 
indicating that items may be used/stored for periods longer than a year. The one 
exception concerns non-rechargeable batteries for which disposal estimates far exceed 
storage estimates. The nature of the batteries, however, indicates that a rapid turnover 
can be expected, with used batteries immediately replaced by new. Alternatively, 
householders partaking in the questionnaire study may have vastly underestimated 
battery use in the home. 
The waste estimates, shown in Table 8.2, obtained from previous studies into HHW 
generation demonstrate similarities to the values obtained from the direct analysis 
project, with one exception. The literature provides an estimate of over 30,000 tonnes 
of waste engine oil compared to less than 2,120 tonnes estimated from the direct 
analysis project. The difference is indicative of the collection of unused but unwanted 
engine oil in the project, hence omitting the conceivably larger proportion of used oil. 
Other reasons relating to human behaviour, specifically the use of HHW collections 
for general house/garage clear-outs, can not be dismissed either. However, with the 
increased engine complexity of modern vehicles and advancements in oil composition, 
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it is possible that fewer householders carry out oil changes. Hence the estimates in 
this project may reflect current disposal patterns more accurately. Such a pattern can 
be expected with much of the vehicle-related waste. 
Waste estimates for pesticides and paint are particularly similar to past 
approximations, whilst the estimates for photochemicals show greater variation, 
possibly resulting from an increase in digital photography. Comparable waste 
estimates for wood preservatives and batteries are unavailable. The sales estimates 
obtained from the literature compared to the purchase estimates derived from the 
direct analysis study vary considerably, with the exception of pesticides and batteries. 
The procedure used to derive purchase quantities requires that the values be treated 
with caution, particularly with regard to engine oil. Comparison of sales and waste 
estimates reveal that quantities of batteries sold and discarded are the most consistent 
HHW stream, with a proposed 446 million units per year disposed of and 487 million 
units per year sold. Data for comparison of other HHW streams, such as household 
cleaners, are not available. 
Comparison of the sales figures and waste estimates available from the literature with 
the storage estimates obtained through the questionnaires would indicate that certain 
products are used/stored for periods longer than a year, with storage levels exceeding 
annual purchasing levels and disposal quantities (Tables 8.1 and 8.2). Such patterns of 
sales<storage>>waste emerged for most products including pesticides, engine oil, 
paint and petcare (Table 8.1). Batteries, particularly non-rechargeable cells, 
demonstrate similarity in sales and waste estimates with storage levels considerably 
deflated. Hence the pattern sales>storage<waste is relevant to batteries. 
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Table 8.1: Comparison of the estimated amounts of potentially hazardous products in 
storage/use in UK households at one period in time, derived from the questionnaire 
study (Chapter 5), with the quantities estimated by the direct analysis study (Chapter 
6) to be purchased and discarded from households across the UK over a one year 
period. Purchase estimates derived from disposal quantities and questionnaire 
responses (Table 6.10). Batteries are "non-depletable" and hence preserve mass. 
Waste category Purchase Storage Disposal 
estimates /year quantity quantity /year 
Pesticides /kg 5,190,000 6,125,000 3,140,000 
Petcare /kg 433,000 735,000 208,000 
Engine oil /litres 3,323,000 12,985,000 1,500,000 
Other vehicle products /litres 4,893,000 17,395,000 2,250,000 
Water-based paint /litres 27,100,000 79,380,000 16,900,000 
Solvent-based paint /litres 22,000,000 30,135,000 13,700,000 
Other preparations/DIY 19,800,000 38,955,000 8,800,000 
/litres 
Non-rechargeable cells 423,000,000 202,370,000 423,000,000 
/no.items 
Rechargeable cells /no.items 24,000,000 107,310,000 24,000,000 
Button batteries /no.items N/a 75,705,000 N/a 
Photochemicals /no.items 537,200 1,470,000 365,300 
Household cleaners /kg 4,145,000 N/a 1,140,000 
Inks and similar /no. items N/a 34,300,000 11,000,000 
Human medicines /kg 234,000 N/a 170,000 
Fluorescent lamps /no.items N/a 104,615,000 N/a 
287 
Table 8.2: Storage and disposal estimates within the sales-storage-disposal pathway. Assumes UK population size of 24.5 million households. 
UK storage estimates obtained from Chapter 5 represent a point in time rather than a defined period of time. For references, unless otherwise 
stated, see Table 5.6. 
Product/waste 
category 
UK sales estimates 
/year 
UK sales estimates 
/yr (Chapter 6) 
UK storage estimates 
(Chapter 5) 
UK waste estimates 
(past studies) 
UK waste estimates 
/yr (Chapter 6) 
Pesticides 4,893 t 5,190 t 6,125 t 3,029 t 3,140 t 
Engine oil 131 million L 3.2 million L / 4,610 t — 13 million L 30,000 — 38,000 t 1.5 million L / 2,120 t 
Paint 300-500 million L 49 million L / 110 million L 37.5 million L 31 million L / 
82,490 t 40,000 t 51,000 t 
Wood preservatives 15,000 t 3,054 t 20.8 million L n/a 1.1 million L / 1,359 t 
Batteries 487-677 million units 446 million units 384 million units n/a 446 million units 
13,700 tonnes 
Photochemicals n/a 206 t 1,275 t 272 t 140 t 
8.2.2 Disposal behaviour 
The formats used to gather information for the questionnaire study (Chapter 5) and the 
direct analysis project (Chapter 6) regarding preferred disposal pathways and socio-
demographic factors were very similar. Consequently, the results were comparable, 
although it must be noted that the two studies used different sample populations. The 
disposal period between the two studies varied such that clear outs of stored products 
in the direct analysis study were a more common time of HHW disposal than in the 
questionnaire survey which favoured disposal of items only when empty or expired. It 
is possible that this difference is a consequence of the different experimental approach 
adopted although it would seem that the HHW quantity estimates from both are 
compatible (Table 8.1). 
Notably, very little difference was seen between the methods of disposal adopted by 
respondents to the two studies, with residual MSW disposal and use of civic amenity 
(CA) sites dominating for most waste categories. Analysis of the disposal behaviour 
adopted by householders revealed that depletable items tended to be discarded when 
fully utilized i.e. discard empty packaging. However, if such disposal is discounted, 
the amount of 1-1E1W disposed of with residual household waste declines, with 
concurrent rise in disposal at CA sites and through kerbside collection. At CA sites, 
HHW will be separately collected and therefore classified as regulatory hazardous 
waste (providing that householders seek to dispose of the waste separately at the CA 
site and do not co-dispose with other MSW streams). Only small proportions appear 
to be discarded via other means, although such pathways may be more susceptible to 
environmental release even at low levels of disposal than the more robust landfill 
option. Addition of other HHW categories not included in the study, most notably 
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WEEE, may alter the proportion of HHW co-disposed with MSW as large items tend 
to be separately collected. 
8.2.3 Socio-demographic patterns of waste generation 
Unlike studies reported in the literature, both questionnaire and direct analysis projects 
attempted to model HHW storage to disposal using various socio-demographic 
variables. Both methodologies found that tenure type demonstrated significant 
associations with certain product/waste categories as did family composition and 
length of residence. However, whilst settlement size was found to be the most 
influential socio-demographic factor associated with quantities of hazardous products 
stored, it does not appear to be a significant contributing factor for HHW disposal. 
Overall, it can be surmised that the smaller the size of the settlement, the larger the 
property, the longer the householder lives in a dwelling, the larger the family unit/the 
more people per household or the older the interviewee, the greater the quantity of 
products owned/discarded. 
A number of HHW categories showed that larger amounts of waste tended to be linked 
to households that would prefer to dispose of waste at CA sites. Older householders, 
larger family groups, longer periods of residence and smaller conurbations result in 
greater disposal to civic amenity sites. The number of visits made to CA sites on an 
annual basis and the distance travelled to such sites were also included in the direct 
analysis questionnaire. Of note is the negative correlation of CA site visits and 
distance with disposal method identified from the direct analysis project, which would 
indicate that more distant sites were visited more frequently than sites of closer 
proximity. This observation is supported by the questionnaire survey which identified 
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that rural communities, with fewer CA sites in close proximity, were more likely to 
use alternative disposal methods. 
The high levels of association between the different socio-demographic factors 
indicate that not one single factor influences the purchase, use and disposal of HHW 
and use of one factor would lead to an inaccurate interpretation of a complex 
relationship. Nevertheless, the results of this study provide an estimate of the potential 
for products to give rise to HHW which, when combined with the socio-demographic 
data collected, have been broadly extrapolated to the wider population. 
8.2.4 Participation and householder feedback 
Although all products containing hazardous substances are required to display advice 
on safe use and storage, as well as disposal, it is possible that consumers overlook or 
even misinterpret this advice (Riley et al. 2001). The perception element of the 
questionnaire survey revealed that householders did recognize household hazardous 
products as distinct from non-hazardous items but awareness of the specific hazards 
was lacking. For instance, fluorescent lamps were considered "hazardous" due to the 
flickering light that is often produced or through broken glass: mercury content was 
not cited by any interviewees. Awareness issues are therefore important at all stages 
of the product pathway, with particular emphasis on use, storage and disposal. 
The degree of interest and participation observed in both studies would indicate that 
householders were interested in waste management issues and would welcome more 
information detailing the correct disposal of potentially hazardous substances. The 
final questionnaire distributed to households participating in the direct bin analysis 
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(Chapter 6) repeated the question relating to the disposal routes adopted by 
householders contained in the initial questionnaire. Comparison of the answers to the 
two questionnaires demonstrated a shift in perceived behaviour, with fewer people 
adopting co-disposal of HHW with residual MSW and greater use of 'alternatives' 
such as CA sites. The shift in attitudes to disposal can be considered to be a direct 
consequence of the project, increasing the levels of awareness in participants. 
8.2.5 HHW disposal issues 
Whilst quantification of the HHW stream in the UK, particularly separation into 
component waste categories, is essential for applied waste management practices, it is 
also an important first step towards a comprehensive risk assessment for the disposal 
of HHW to landfill and alternatives. The studies establish baseline estimates to 
determine risks from alternative disposal methods to landfill. The levels of certain 
HHW categories currently co-disposed with residual MSW could prove to be 
problematic should mechanical-biological treatment (MBT) be increasingly adopted 
across the UK to meet the targets set by the Landfill Directive (Savage and Sharpe 
1987). Contamination of household waste streams by hazardous material could render 
waste unfit for reuse/recycling. Also, the issue of concentrating hazardous substances 
in ash from residual household waste incineration requires consideration. The 
uncertainty of many householders regarding HHW classification and disposal 
increases the likelihood of co-disposal contamination and emphasizes the need for 
more informed dialogue between stakeholders. 
Householders claim to dispose of large amounts of HHW at CA sites. National 
standards or specific criteria regarding the facilities and treatments required for the 
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disposal of separately collected HHW are limited. Also, waste data are notoriously 
poorly recorded, with few established national databases (Department for 
Environment, Food and Rural Affairs 2006b; Environment and Heritage Service 
2003). Further assessment is required to establish the availability of disposal facilities 
at CA sites, the costs of the disposal of HHW and the processes employed to dispose 
of separately collected waste. Evidence is currently unforthcoming regarding these 
points. Information concerning the policies of individual local authorities to HHW is 
important considering the variation in services offered around the UK. To rectify the 
dearth of data, a questionnaire was designed (Appendix H) intended for distribution to 
local authority waste managers and waste disposal authorities in England and Wales. 
However, a poor response rate prevented the gathering of meaningful data and 
alternative methods need to be employed to ensure that such information is collected 
for comparison with the results obtained from householder interviews and waste 
collections. Other HHW categories, most notably WEEE, also require inclusion in 
waste estimates. 
8.3 	Hazardous substances in municipal landfills 
Landfill is the dominant means of disposal in most countries around the world, with 
Organization for Economic Cooperation and Development (OECD) countries 
committing 64% of their MSW to landfill (Organization for Economic Cooperation 
and Development 2001; Zacarias-Farah and Geyer-Allely 2003). In the UK, 
landfilling remains the most common final disposal option with almost all non-
recyclable MSW being disposed of to landfill. Until relatively recently, co-disposal of 
hazardous, non-hazardous and inert wastes, from industrial, commercial and municipal 
sources was permitted in the UK. Recent tightening of the legislative controls on 
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landfill disposal through the adoption of the EU Landfill Directive (European Council 
1999) requires that hazardous/non-hazardous/inert wastes be sent to different landfills. 
New landfill sites therefore conform to strict guidelines on structure, performance and 
emission monitoring to reduce environmental impact. Many developing countries are 
still without such measures, operating unsanitary or unregulated landfill disposal. 
Other methods of waste management are practised with different degrees of 
environmental protection throughout the world. Incineration, or the combustion of 
waste, is generally recognized as the main alternative to landfill and is the main 
treatment route in Denmark and several other European countries. Emission standards 
for such processes in the EU are extremely high and constantly improving, as specified 
in the Waste Incineration Directive (European Parliament and Council 2000a). 
Understanding the disposal routes for HHW determines the likely form of 
environmental exposure that may occur. In the UK, this will therefore be through 
landfill gas evolution and the release of landfill leachate into the environment as well 
as through dust and after-use of the landfill. 
8.3.1 Contaminants in landfill leachate 
As the sales-storage/use-disposal pathway demonstrates, many HHW categories are 
co-disposed with MSW and hence will be disposed of to landfills. Waste that is 
separately collected may also be disposed of to landfill, depending on the pre-disposal 
treatment used. 	As a result, the predominant pathways for environmental 
contamination resulting from the final disposal of HHW will be from landfills. A 
review of landfill gas and leachate emissions was provided in Chapter 4, 
demonstrating that considerable numbers of xenobiotic organic compounds (XOCs) 
have been identified in leachate and gaseous emissions within engineered municipal 
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landfills, although many such landfills have pre-Landfill Directive, accepted non-
municipal wastes. The concentrations of XOCs as well as heavy metals and other 
inorganic contaminants were all reported to be at low levels compared to the 
macrocomponents of leachate and gas, ammoniacal-nitrogen and methane 
respectively. Nevertheless, the presence of such substances is cause for concern, 
particularly as so few investigations have attempted assessments of leachate 
components occurring at low or trace concentrations. The pesticide mecoprop and 
phthalates di(2-ethylhexyl) phthalate (DEHP) and diethyl phthalate (DEP) are the 
substances most commonly linked to HHW and MSW (Bauer et al. 1998; Gintautas et 
al. 1992; Jonsson et al. 2003). Recent changes to legislation may make it possible to 
observe a change in leachate composition in new landfills as co-disposal of hazardous 
with non-hazardous waste ceases and domestic landfills accept MSW wastes only, 
including co-disposed HHW (European Council 1999). 
When evaluating the disposal of HHW, the conditions within the landfill must be 
acknowledged to determine the nature of the components and the likelihood of 
occurrence in leachate. Substances not found in HHW can occur in leachate as a result 
of degradation and other transformations. The leaching of hazardous substances from 
the waste body into the leachate will vary according to landfill conditions, particularly 
moisture content and ionic strength of the leachate. It is estimated that only 3-5% of 
the MSW mass is readily leachable (Cameron 1978): if this figure is assumed to apply 
to HHW, which represents —1% of MSW (Pendle and Poll 1993; Reinhart 1993), only 
a very small proportion of hazardous substances will be observable in leachate. 
Landfill leachate therefore has the potential to be more complex through 
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transformations and less complex as a consequence of low leaching rates than the 
composition of the waste disposed. 
It is only possible to ascertain the presence of particular substances selected for by the 
experimental design (Isidori et al. 2003). The sampling procedure may easily 
overlook certain groups of hazardous components and hence their contaminant 
capability will remain unevaluated. Synthetic musks are one such group thus far 
untested in landfill leachate and yet identified in sewage receiving waters. The 
quantities of the hazardous chemicals so far detected in leachate vary from study to 
study, from trace levels to amounts exceeding established limits. Whilst such 
variation may result from differences in disposal practice and landfill management, 
sampling error will also play a significant role through the inappropriate application of 
certain methodologies and analytical techniques (Kjeldsen et al. 2002; Parker 1994; 
Paxeus 2000). As XOCs and heavy metals occur at trace levels, accurate 
quantification is often difficult. The heterogeneity of landfills also complicates sample 
selection. Landfill age is an important contributory factor and as Robinson (1995) 
explains, leachate composition is variable over time. 
Despite concerns regarding co-disposal with other waste streams, transformations 
from non-hazardous waste and the application of variable analytical techniques, the 
presence of substances such as mecoprop indicate HHW disposal will contribute 
organic and inorganic components to leachate. It is important to ascertain whether the 
contaminants found in MSW with potential links to HHW are risks to the environment 
and human health. As such, a landfill simulation model was used to assess the effects 
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of landfill leachate on groundwater aquifers and the consequences for drinking water 
abstraction. 
8.3.2 Risk of environmental contamination by landfill leachate 
The LandSim program offers a means of estimating long-term risk of leachate release 
into the surrounding environment. The simulation is dependent upon the parameters 
used and hence may lead to variation in results through the adoption of different 
parameter values. 	Using a generic landfill model, together with leachate 
concentrations for a range of organic and inorganic compounds obtained from the 
literature, the simulation revealed the rapid attenuation of most organic compounds 
within the landfill and engineered barrier system (EBS) (Chapter 7). Degeneration of 
the landfill cap membrane and EBS resulted in an increase in the amount of leachate 
generated and released into the strata beneath the landfill. Within the resulting 
leachate plume were a number of more persistent organic compounds and heavy 
metals. However, very few progressed through the unsaturated zone to the aquifer. 
To assess the relevance of the LandSim findings, a comparison can be made to field 
reports published in the literature. 
A comprehensive review of landfill plume studies involving intensive sampling and 
analytical techniques is offered by Christensen et al. (2001) and, combined with other 
leachate plume studies, provides sufficient information to enable a qualitative 
comparison with the LandSim results to be carried out. However, most reports rarely 
consider some of the myriad of xenobiotic compounds that are contained in MSW 
landfill leachate. Further ambiguity arises from the possibility of industrial waste co-
disposal in MSW landfills and the preponderance of studies using dilute-and-disperse 
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landfills rather than engineered landfill systems. As such, the LandSim landfill 
scenario differs from the landfills reported in the literature with regard to the presence 
of engineered barriers and absence of significantly attenuating soil strata, although a 
number of studies do report on a gravel/sand unsaturated zone. Also, most field 
studies reveal the presence of a heterogeneous aquifer, unlike the simplified 
homogeneous aquifer modelled here using LandSim, although evidence of low lateral 
and transverse mixing is supported (Christensen et al. 2001). 
The release of heavy metal-contaminated leachate is generally considered by the 
literature to be well below statutory requirements (Kjeldsen et al., 2002). Studies 
using methanogenic leachate detect only very low levels of metals such as cadmium, 
nickel, zinc, cobalt and lead in leachate despite often high levels in deposited waste 
(Robinson 1995; Robinson and Gronow 1993). Sorption/complexation to organic 
matter and precipitation are cited as the main mechanisms for metal immobilisation, 
processes that operate within the reducing environment of an anaerobic landfill and 
leachate plume (Bozkurt et al. 1999; Bozkurt et al. 2000). Metals are more mobile in 
aerobic landfill conditions, often associated with the later stages of a landfill, and low 
pH values. However, research has demonstrated that when aerobic conditions follow 
anaerobic stages, most metals are only slowly remobilized (Ross et al. 1999). Belevi 
and Baccini (1989) report that up to 99.9% of metals in a landfill will still be sorbed to 
the waste body at the end of the anaerobic stage which indicates that metal release in 
leachate is only likely to be problematic after several centuries. Few studies have 
investigated the behaviour of the anion cyanide in leachate plumes. However, 
comparison with another anion, chloride, suggests the dominance of dilution as the 
attenuating mechanism (Christensen et al., 2001). LandSim predicts metal and heavy 
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metal release in accordance with these observations, with low levels recorded over 
long periods of time. 
As analytical methods improve, increasing numbers of XOCs have been identified in 
leachate and plume samples. The most commonly detected XOCs in leachate are 
BTEX (benzene, toluene, ethylbenzene, and xylenes) aromatic hydrocarbons and 
halogenated hydrocarbons (e.g. tetrachloroethylene and trichloroethylene) (Kjeldsen et 
al. 2002). Phenolic substances and pesticides have also commonly been recorded in 
leachate-receiving groundwater. The observations agree with the results of the 
LandSim model, particularly the presence of chlorinated hydrocarbons in the zones 
below the landfill. Most XOCs are released from an unlined landfill within a few 
decades of disposal (Kjeldsen and Christensen 2001). Attenuation in the plume is by 
sorption (retardation) and degradation, as well as dilution and dispersion, with 
volatilisation also apparent in unsaturated zones resulting in the development of 
anaerobic conditions (Robinson 1987). In the saturated zone, sorption can be expected 
to be a less influential parameter due to the often low organic carbon content of the 
aquifers (Christensen et al., 2001), supporting the exclusion of retardation in the 
LandSim model aquifer. The overall pattern of logarithmic decline of volatile organic 
compounds (VOCs) reported by DeWalle and Chian (1981) within the first 1000m of 
the plume supports observations that degradation rates were substantial in the 
anaerobic phase. Most XOCs occur at levels below detection after 60m (Rugge et al. 
1995). Degradation rates can hence be expected to be more significant than sorption, 
with most field studies providing some indication of XOC degradation processes 
occurring within the anaerobic leachate plume (Lyngkilde and Christensen 1992). 
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Despite the limited number of contaminants reaching the aquifer and the low 
concentrations found in both field observations and LandSim simulations, the presence 
of Groundwater Directive 80/68/EEC List I pollutants is of concern. 	The 
concentration of certain substances at the compliance point are approaching regulatory 
limits for drinking water supplies (Chapter 7). As the demand for groundwater 
suitable for drinking water abstraction and as analytical techniques improve, such 
levels may prove problematic, particularly as occurrence of the contaminants in the 
aquifer may be delayed for periods of tens to hundreds of years after landfilling ends. 
Further regulations regarding contaminants in groundwater are provided in the Water 
Framework Directive (WaterFD) 2000/60/EC, which draws together all previous 
water-related legislation (European Parliament and Council 2000d). The main 
pollutants listed in Annex VIII of the Directive correspond to many of the 
Groundwater Directive List I and List II substances (Table 8.3). As well as merging 
Lists I and II, the WaterFD also expands the list of pollutants to include "substances 
and preparations, or the breakdown products of such, which have been proved to 
possess carcinogenic or mutagenic properties or properties which may affect 
steroidogenic, thyroid, reproduction or other endocrine-related functions in or via the 
aquatic environment" (Annex VIII(4)). Whilst the Groundwater Directive is not 
considered to include substances such as oestradiol, nonylphenols and DEHP, the 
aforementioned statement incorporates such substances, often described as "emerging 
contaminants" and cited to be endocrine-disruptors, into the WaterFD. This is also 
seen in Annex X of the WaterFD, listing 11 priority hazardous substances and 33 
priority substances, of which 14 are proposed priority hazardous including DEHP and 
a number of pesticides (European Parliament and Council 2001). The LandSim 
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simulation results therefore reveal the potential presence of more aquatic pollutants, 
particularly the "emerging contaminants", under the WaterFD than the Groundwater 
Directive alone. 
A proposed revision of the Groundwater Directive is expected as a consequence of the 
changes wrought by the WaterFD, replacing the current Directive 80/68/EEC which is 
scheduled for repeal in 2013. The potential exists for the inclusion of more substances 
as aquatic pollutants and priority substances in European legislation. For instance, 
whilst oestradiol falls within the description provided by Annex VIII(4) of the 
WaterFD, specific mention is not made. Despite this, it has been added to the UK 
Pollution Inventory List and considered for inclusion in the European Pollutant 
Emission Register (EPER). Furthermore, regulatory imposed limits, particularly in 
drinking water, have yet to be developed for a number of the "emerging contaminants" 
listed in recent and proposed legislation. Whilst the EU has still to determine water 
standards for such substances, the United States has established a Maximum 
Concentration Limit (MCL) for DEHP alongside a World Health Organization (WHO) 
guideline. Elsewhere, the status of such substances remain beyond the regulatory 
situation. 
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Table 8.3: Groundwater pollutants as listed in the Groundwater Directive 80/68/EEC 
and Water Framework Directive 2000/60/EC (European Council 1980b; European 
Parliament and Council 2000d; Joint Agency Groundwater Directive Advisory Group 
2003). 
Pollutant list 
	
Groundwater 	Water Framework 
Directive* 	 Directive 
Organohalogen compounds 
Organophosphorous 
compounds 
Organotin compounds 
Persistent hydrocarbons 
Cyanides 
Metals and their compounds 
Arsenic and its compounds 
Biocides and plant 
protection products 
Carcinogens/mutagens etc. 
Other substances  
Al 
	
Al 
-\I 
	
AI 
Ai 	 Ai 
No mention 	 -V 
Ai 	 Ai 
Hg & Cd as List I; others 	 Ai 
List II 
List II 	 Ai 
Biocides only as List II  
(unless other category) 
Teratogenic properties 	Plus all endocrine related 
also — all List I 	 functions 
Affecting taste/odour; Causing eutrophication and 
ammonia etc.as List II 	affecting oxygen balance 
Priority substances 	 No mention 	E.g. benzene, lead, lindane 
Priority hazardous 	 No mention 	 E.g. cadmium, 
substances 	 nonylphenols, DEHP 
*List I unless otherwise stated. 	Ai Pollutants listed in the relevant legislation. 
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8.3.3 Leachate treatment 
The management of modern landfills includes the collection and removal of landfill 
leachate and gas. As a result, the pollution risk is allayed to a variable extent. 
Methane is often used for electricity generation, whilst leachate is currently treated in 
systems comparable to sewage treatment works. Use of ozonation plants and 
ultraviolet radiation are increasingly recognized as effective additions to leachate and 
wastewater treatment operations given the low efficiency of conventional processes 
regarding chemical removal. Both treatments provide high levels of pesticide, 
pharmaceutical and even phthalate removal (Bauer et al. 1998). However, such 
measures are costly and unlikely to be commissioned unless specific legislative drivers 
are in place, particularly for MSW landfills. Other risk mitigation measures applied to 
landfill leachate include combinations of biological processes, 
coagulation/precipitation, adsorption and membrane processes, all of which utilize the 
physical, chemical and biological properties of the hazardous substances (Enzminger 
et al. 1987). Research also cites the benefits of traditional treatment using microbial 
decomposition (Pohland 1991). A comprehensive understanding of the wastes 
disposed of, the underlying landfill processes and, the emissions from landfills, now 
and in the future, can contribute to the assessment of the economic and environmental 
necessity of taking such steps. 
One problem associated with leachate collection and treatment concerns the temporary 
nature of the process. Active landfill management occurs for only a fraction of the 
life-span of the landfill. The LandSim model adopted a standard thirty-year post-
closure management period compared to a possible landfill life-span of 20,000 years. 
Also, the results of the LandSim simulation indicate that landfills can potentially leak 
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contaminants for hundreds, if not thousands, of years, with peak contaminant levels 
sometimes seen many years after site closure, as supported by evidence from the 
literature (Baron et al. 2006). A landfill in existence for several hundred years, even 
several thousand, will be exposed to a large number of influences that act upon the 
Earth's crust. Climate change, anthropogenic activity, such as changing land-use, and 
geomorphological processes will exert positive and negative effects upon the landfill 
structure, increasing or reducing impact upon the wider environment. Similarly, if 
awareness of landfill existence is lost, the impacts may be greater than perceived. 
Current EU-led legislation requires landfills to meet certain emission targets before 
management may cease, prolonging leachate collection and treatment accordingly. It 
is also important that provision is made for prolonged monitoring of old and current 
landfills. 
8.4 	Household hazardous waste legislation — risk mitigation 
The legislation concerning HHW, described by Chapter 2, is vague and often 
contradictory. This is particularly noticeable in European legislation. Domestic waste 
is exempt from the provisions of the Hazardous Waste Directive (HWD), as stated in 
Article 1(5), yet selective waste collections from households can fall within the scope 
of the same legislation, as detailed in Annex 1B(39). Household hazardous wastes, or 
the hazardous element of MSW, fall into a grey area between non-hazardous MSW, 
hazardous wastes (generally industrial and some commercial wastes) and even non-
household MSW. In Europe, if separately collected, classification as hazardous is 
required for some components (European Council 2003); yet disposal in the residual 
MSW stream avoids hazardous status and the accompanying regulatory control. No 
legal requirement exists for householders to separate HHW from general household 
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waste and if it did, enforcement would be extremely difficult. Therefore, whilst all 
other hazardous wastes are closely regulated in developed countries, HHW remains a 
possible environmental and/or health risk. Both legislation and fiscal measures may 
assist in mitigating potential environmental and human health problems. 
8.4.1 Mitigating risk before disposal 
There are no regulations concerning the specific collection and disposal of HHW in 
the EU and yet many countries offer collection programmes. In the UK, HHW 
programmes vary considerably across the country as no national standards exist and 
different local authorities place different degrees of emphasis on HHW collection and 
disposal. The recently implemented Hazardous Waste (England and Wales) 
Regulations 2005 provide guidance concerning the point at which separately collected 
HHW becomes classed as hazardous waste — on removal from CA sites (Statutory 
Instrument 2005a). 	Hazardous classification prior to this would render the 
householder the "producer" and the householder would be required to complete a 
consignment note (Ellis 2005). Without further guidance and with current legislation 
open to considerable interpretation, there is the possibility that inappropriate disposal 
decisions will be made, increasing risks to health and the environment. For instance, 
the hazardous properties listed in the HWD, whilst describing a fairly comprehensive 
selection of hazards, do not include post-natal developmental effects linked to 
endocrine disruption. The effects of, for instance, phthalates on hormone balance have 
garnered general acceptance to such an extent that use of phthalates in children's toys 
has been prevented through an amendment to the Dangerous Substances Directive 
(European Parliament and Council 2005), an example of the precautionary principle. 
Nevertheless, evidence of endocrine disruption linked to a range of substances, from 
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amateur-use pesticides to preservatives used in personal care products and household 
cleaners, remains uncertain and application of the precautionary principle across all 
potential hormone affecting substances has not been advocated. 
European waste legislation is increasingly being developed for individual waste 
streams. Given the considerable variation that exists between wastes and the different 
disposal requirements (compare biodegradable wastes with end-of-life vehicles), this 
trend offers more focused solutions to disposal problems. WEEE is the only category 
falling under the HHW definition that is currently affected by waste stream legislation. 
The WEEE Directive provides a clear definition of items that contribute to the WEEE 
stream, descriptions lacking from the EWC listing. However, a result of the separate 
regulation appears to have removed WEEE from consideration as HHW, as 
demonstrated in a number of recent waste surveys (Burnley et al. 2006; Poll 2003). 
Specific waste stream legislation affecting more HHW categories can be expected to 
be implemented in the coming years, aiding interpretation of the individual hazardous 
wastes and perhaps rendering reference to "HHW" unnecessary. This would be 
particularly useful for ambiguous HHW categories listed in the EWC, such as the 
solvents, acids and alkalis. An incentive for further legislation regarding individual 
HHW streams is provided in the LandSim model described in Chapter 7. WEEE is 
one waste stream that contains significant quantities of heavy metals and may have 
been the dominant contributor of heavy metals to MSW landfill leachate. Removal of 
WEEE from such landfills, as required by the WEEE Directive, may lead to a 
reduction in heavy metals within the landfill (European Parliament and Council 
2002b). 
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Legislation is in place in most developed countries requiring the toxicological 
assessment of new chemicals entering the market place, including those destined for 
household products. This is exemplified in the UK by the Chemicals (Hazards and 
Packaging) Regulations 2002, or CHIP3 (Statutory Instrument 2002d). No equivalent 
has been adopted in the EU, although the Registration, Evaluation, Authorisation and 
Restriction of Chemicals (REACH) Directive can shortly be expected to be ratified 
(European Parliament and Council 2003b). Other European-wide legislation relates to 
particular product groups. The Restriction of Hazardous Substances, or RoHS, 
Directive (European Parliament and Council 2002c) relates to limits of heavy metals 
in electronic and electrical equipment, and the soon to be updated Batteries Directive 
(European Commission 2003a; European Council 1991d) restricts levels of lead, 
cadmium and mercury in all consumer batteries. Hence the identification and the 
exclusion of potentially dangerous new substances or heavy metals from household 
products are improved, rendering the final waste product less hazardous than older, 
similar products. Well-established substances, particularly organic chemicals, are less 
likely to have had to conform to tests for hazardous properties, although many are 
currently being assessed in light of evidence from long standing use. It has been 
estimated that less than 2% of the 30,000 to 100,000 synthetic (manufactured or 
extracted) chemicals available today have been tested for toxicity and even fewer for 
long-term effects (Allanou et al. 2003a; Allanou et al. 2003b; Blundell 2003). A 
growing number of such chemicals are being identified as carcinogens and mutagens, 
creating demand for stricter regulation. This is particularly important with regard to 
mixtures of chemicals. Currently, regulations do not require the testing of chemical 
mixtures provided the component parts have been analysed. As such, the additive, 
synergistic and antagonistic effects of compounds in mixtures are not considered 
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(Hansen et al. 1998), unsurprising given that so few chemicals are tested individually. 
It is possible that more substances will become categorized as hazardous and hence 
have further consequences for the disposal footprint, particularly if the precautionary 
principle is applied (Blundell 2003). 
Waste legislation has recently undergone a period of considerable development. New 
legislation has the potential to exert substantial effects upon the waste streams loosely 
grouped together as HHW. However, more clarification is needed regarding the 
position of HHW as hazardous waste. Whilst Article 1(5) of the HWD does suggest 
that such clarification should have been provided, specific rules are still lacking 
despite a proposed Hazardous Municipal Waste Directive (European Commission 
1997; WasteOnline 2004b). However, the proposed Directive did not progress further 
as measures regarding the collection and subsequent disposal of such waste were 
deemed acceptable in most Member States. With European enlargement progressing 
and given that local authority HHW collection facilities vary considerably in the UK, 
the situation regarding hazardous wastes of domestic or municipal origin does require 
further discussion. The Finnish Presidency of the EU during the latter part of 2006 
aims to complete a review of the Waste Framework Directive (WFD) 75/442/EEC 
(newly codified as 2006/12/EC), as detailed in the Thematic Strategy on Waste 
Prevention and Recycling (COM(2005) 666) (European Council 1975a; European 
Commission 2005b; European Parliament and Council 2006a). Likely changes 
include the integration of the HWD, along with the Waste Oils Directive (European 
Council 1975b). Whilst the Waste Oils Directive has been significantly altered prior 
to integration in the WFD, no changes have yet been made to the HWD. However, it 
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is still possible that changes will be wrought, including the possible removal of 
reference to a review of hazardous municipal waste in Article 1(5). 
Improved definition of the wastes comprising HHW and guidance for waste managers 
regarding collection and disposal programmes would be beneficial. A European-wide 
data-gathering project would aid understanding of the particular waste streams, 
permitting the risks to be fully evaluated and thus determine the need for further 
legislation. One avenue for consideration involves raising public awareness about the 
wastes within the HHW stream through more accurate labelling of relevant products. 
Lists of ingredients and other information provided on labels of hazardous products 
may not contribute to a greater understanding of product risk during use and at 
disposal (Grey et al. 2005). Box 8.1 provides examples of the disposal information 
currently supplied, showing the absence of helpful information relating to disposal 
options. In the UK, a number of waste disposal authorities have suggested that 
householders need to be more aware of HHW — composition and disposal options - 
and that statutory producer responsibility would aid collection and disposal of HHW 
(Luckin 2006). Local authorities in the UK are not currently required by law to make 
available HHW collection facilities, making it difficult for householders to identify 
whether their local CA site has the "special facilities" required for HHW disposal (Box 
8.1). Hence, it is crucial that any decisions regarding rasing 111-1W awareness, 
improving labelling advice and providing a standardized collection programme occur 
concurrently and involve all stakeholders from manufacturers to householders and 
waste managers. 
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Box 8.1: Examples of disposal advice currently offered to householders. The phrase 
"some local authorities have special facilities...." does not help the householder 
determine how to dispose of the waste. 
Paint & varnish remover (Focus (DIY) Ltd.) 
"Health Safety and Environment: 
Avoid release to the environment. This material and/or its container must be disposed of as 
hazardous waste. Some local authorities have special facilities for the disposal of waste material." 
Exterior water-based wood paint (ICI Dulux Weathershield) 
"Do not empty into drains or watercourses. Some local authorities have special facilities for 
disposing of waste paint." 
8.4.2 Mitigating risk after disposal 
Methods adopted for the disposal of waste have been governed by a number of factors, 
including topography, cultural disposal patterns and financial pressures. In the UK, 
the use of landfills reflects the historically low costs associated with back-filling 
quarries. However, waste disposal has increasingly been influenced by legislation, 
principally through the Landfill Directive (European Council 1999), with mounting 
pressure to divert waste from landfill. This has particularly important consequences 
for the UK which disposes of 80% of municipal waste to landfill (Department for 
Environment, Food and Rural Affairs 2005a). The availability of alternatives such as 
incineration is limited but as landfills close with fewer sites granted permits, stricter 
landfill regulations (the separation of hazardous, non-hazardous and inert waste to 
specific landfills) and the rising costs of landfilling, the demand for non-landfill 
disposal will increase. However, disposal to landfills cannot cease entirely as the end 
product of many waste treatments or "alternatives" to landfill require disposal 
somewhere. For incineration, this will prove very problematic as air pollution control 
residues (listed as Annex I.B(28) in the HWD 91/689/EEC) derived from MSW 
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incineration can no longer be disposed of to MSW landfills under EU law, and require 
significant treatment if they are to meet waste acceptance criteria for disposal at 
hazardous waste landfills (European Council 2003). Similarly, should ash (HWD 
91/689/EEC, Annex I.B(22)) resulting from incineration demonstrate any of the 
properties listed in Annex III or any constituents listed in Annex II of the HWD, 
treatment as hazardous waste will result (European Council 1991a). However, the cost 
of hazardous waste landfilling is expected to rise as the Landfill Directive is gradually 
implemented in the UK, reflecting the cost of the additional measures required by the 
Directive and the shortage of facilities. This could have a considerable effect upon 
separately collected HHW and the risks posed to the environment: separately collected 
HHW tends to be disposed of through recycling and incineration, with the subsequent 
disposal of applicable residues to landfill. 
Classification of HHW as hazardous waste introduces levels of complexity to 
collection and disposal management. As the HWD and Landfill Directive exempt 
HHW co-disposed with residual MSW from classification as hazardous and from 
meeting waste acceptance criteria for disposal at non-hazardous waste landfills, there 
are economic and practical incentives to maintain, possibly even encourage, such 
disposal to landfills. However, drives to separately collect HHW streams are 
increasing in the UK, partly as a consequence of individual waste stream legislation 
exemplified by the WEEE Directive. 
Furthermore, the Landfill Directive is driving a change in the types of material 
permitted to be disposed of to landfill. This is particularly evident through the 
diversion of biodegradable waste. In unsorted MSW, biodegradable waste has been 
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estimated to contribute at least 20% of the mass (Appendix A) and HHW 
approximately 4% (including WEEE). Reduced biodegradable matter increases the 
relative proportions of 111-1W (and other waste types) in MSW. Increased recycling 
rates for paper, glass etc., contributing >40% to MSW, will boost the HHW proportion 
further. Leachate from existing and new landfills will be expected to be very different 
to leachate from older/closed sites due to changes in the composition of landfilled 
waste. The consequences for the hazardous component of MSW require further 
evaluation, although a decline in organic matter can be expected to result in leachates 
containing predominantly inorganic ions. The impact on the sorption of XOCs and 
heavy metal attenuation may therefore be beneficial, reducing the mobility of 
hazardous species. Changes to leachate treatment techniques will be necessitated and 
the long-term management of landfills adjusted. 
Based on pre-Landfill Directive waste composition, and even assuming that HHW is 
responsible for the total levels of XOCs and metals in MSW landfill leachate 
observed, the risk to the environment and human health through groundwater pollution 
is relatively small from engineered landfills. Older landfills may, however, be of 
greater concern. Whilst post-Landfill Directive changes and the consequences for 
1-11-1W have yet to be examined, it would appear that the requirements made will not 
provide any further mitigation of risks than currently offered through engineered 
landfills and leachate treatment. Despite rising landfill costs and taxes, incineration 
remains financially the more expensive option, particularly if incineration residues fail 
to meet the waste acceptance criteria. The introduction of tighter regulations 
concerning the chemical content of potentially hazardous consumer products may 
render HHW less problematic. The risks associated with the various disposal 
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techniques and comparison with landfill to assess the impact of hazards on the 
environment and human health require further evaluation. 
8.5 	Further work 
With waste production growing steadily year by year, the importance of a greater 
understanding of the behaviour of waste under common disposal regimes is 
recognized in order to minimize harm to the environment and public health. There is 
considerable work left to do concerning a full risk assessment for the disposal of HHW 
in the UK and elsewhere. Due to the volumes generated proportionally to other waste 
streams, HHW has been largely overlooked. Nevertheless, it is important that a 
number of factors are further evaluated. Certain points requiring more attention have 
been raised in the sections above and many are expanded upon below. Sections 8.5.1 
to 8.5.10 contain descriptions of work that would assist in a full evaluation of the 
impact of HHW disposal on the environment. Nevertheless, any further work in this 
area will doubtless provide valuable data to improve overall understanding of the risks 
involved in generating and disposing of HHW. 
8.5.1 Risks from exposure within the home 
The risks arising from use and storage of such products within the home and garden 
requires further evaluation and comparison with the disposal issues. There exists 
considerable literature that demonstrates the potential harm caused by, for example, 
exposure to brominated flame retardants applied to many domestic textiles such as 
upholstered furniture and carpets (Sjodin et al. 2003). Also, a possible link between 
Parkinsons's Disease and use of garden pesticides has been reported (Cicchetti et al. 
2005; Wang et al. 2006). Other chemicals derived from cleaning materials, 
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particularly surfactants, have been hypothesized as a causation factor for the rise in 
respiratory and auto-immune illnesses such as asthma and rhinitis (Poulsen et al. 
2000). It is possible that the risks from using and storing items such as solvent-based 
paint products are greater than those associated with the disposal (to landfill). 
8.5.2 Risks to waste handlers 
With a potential increase in the level of separate collection operated for HHW, the 
risks to waste handlers and operatives require assessment and would be of use in the 
development of occupational health guidelines. 
8.5.3 Sales to waste quantification of hazardous products 
As with all estimated quantities, further verification of sales estimates for products 
forming 1-11-1W would be ideal. Correspondence to sales figures, which were 
unaccessible for this project, would help verify waste estimates and assist in an 
assessment of risks within the home. Recent studies, including a waste analysis in 
Wales (Burnley et al. 2006; Poll 2003), do contribute a level of support for the waste 
estimates reported here but greater cooperation with manufacturers and retailers is 
required. 
8.5.4 Waste quantities at civic amenity sites 
A questionnaire for local authorities and waste disposal authorities was developed 
(Appendix H) to gather information regarding HHW collection at CA sites/household 
waste recycling centres and subsequent disposal. However, it was not possible to 
ensure a high response rate during the course of this study. It is very important that 
such information is gathered and methodologies need to be assessed to guarantee 
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involvement of relevant stakeholders in any future project. Currently, waste 
information collated by individual local authorities is rarely shared, preventing an 
assessment of HHW disposal practices. The Environment Agency does provide a 
web-based tool to access local authority waste quantities but does not provide 
information regarding HHW collections (Environment Agency 2005b). New 
initiatives, such as WasteDataFlow (CIWM/Enviros 2004), should assist but are not 
publically accessible or currently offer limited data. 
8.5.5 Understanding HHW-related landfill processes 
It has been assumed in this work that the trace contaminants described in published 
MSW landfill leachate investigations derive from the disposal of HHW. Without 
further understanding of the waste degradation pathways followed by hazardous 
contaminants, it is not possible to guarantee that such an assumption is correct. The 
literature reveals that the fates of many of the commonly disposed wastes in landfill 
are still poorly understood. A case in point is the relatively recent debate concerning 
the requirements of the Landfill Directive, with biodegradable waste cited as both key 
to landfill completion and the main contributor to leachate toxicity. Test cells need to 
be established to examine the leaching and degradation characterisitics of substances 
found in 1-11-1W such as mecoprop, phthalates, cadmium, mercury, etc. in modern and 
co-disposal landfills with different engineered barrier systems in place. The 
information will ascertain whether a link exists between HHW disposal and the 
contaminants in landfill leachate, a factor crucial in the determination of the risks 
arising from HHW disposal to landfill. 
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8.5.6 Trace contaminants in landfill leachate 
The concentrations of contaminants in landfill leachate were sought from peer-
reviewed papers and technical reports. Landfills are extremely variable, reflecting 
differences in design and construction, local environmental and climatic conditions, 
composition and management of the waste composed, etc. Hence, it can be expected 
that there will be considerable variation from landfill to landfill with regard to leachate 
components. However, the lack of comprehensive XOC/heavy metal data from a 
single landfill, as required for the LandSim model, necessitated the use of information 
from a range of different landfills, most of which were non-UK based. More data are 
required for most, if not all, contaminants included in the model, and would be 
particularly valuable if obtained from one or a limited number of landfills. In 
particular, examination of MSW landfills in the UK for pharmaceutical compounds 
and other emerging contaminants would improve the validity of any further LandSim 
HHW models. 
8.5.7 Risk assessment 
Should further work as described in sections 8.5.3 to 8.5.6 be carried out, the 
information so collected would enable a risk assessment for the disposal of HHW to 
landfill to be attempted. A risk framework as used by the Environment Agency would 
permit full evaluation (Department for Environment, Transport and the Regions et al. 
2000), whilst guidance applicable to general waste technologies and landfills in 
particular provide more specific assistance (Environment Agency 2004; Leeson et al. 
2003; Pollard et al. In Press). 
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8.5.8 Evaluating the risks from non-landfill disposal 
Whilst landfill disposal offers one pathway to exposure, other risks to the environment 
and human health will operate through other disposal routes such as incineration. It 
was not possible to evaluate disposal mechanisms other than landfilling in this project. 
However, the information gathered regarding HHW quantities and collection methods 
(MSW co-disposal and CA site collection) will be relevant to risk assessments 
evaluating other such disposal methods. There is considerable information extant in 
the literature with regard to incineration (e.g. Karademir 2004) but the generation of 
data specific to the UK situation of HHW disposal would have more relevance. Steps 
similar to sections 8.5.5 and 8.5.6 above would need to be applied to each disposal 
method examined. 
8.5.9 Effects of legislation 
As discussed in section 8.4 above, legislation has the potential to exert a considerable 
influence upon the disposal of HHW. Further work is required to model the scenarios 
that may result from changes to the composition of hazardous products, the collection 
of HHW and the disposal mechanisms adopted. For instance, the reduction of 
biodegradable waste disposed of to landfill may influence the behaviour of hazardous 
compounds in the waste body, reducing or increasing risks to groundwater. More 
detailed assessment of the risks from HHW disposal will also demonstrate whether or 
not a need exists for more specific HHW-related legislation and the form that this may 
take. 
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8.5.10 Comprehensive assessment of risks arising from use and disposal of HHW 
Using all the information collected from sections 8.5.1 to 8.5.9, it would be possible to 
determine the risk from historic and current landfilling of HHW as well as possible 
risks associated with landfill alternatives. A comprehensive assessment would enable 
recommendations to be made for the safe disposal of substances with the potential to 
exert detrimental influences on the environment and human health. 
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CONCLUSIONS 
To determine the possible consequences that the disposal of household hazardous 
waste (HHW) has on the environment of the United Kingdom (UK), it was necessary 
to evaluate a number of aspects along the waste disposal pathway. An initial review 
of the literature concerning HHW demonstrated a considerable lack of information 
concerning amounts generated, disposal methods employed by householders and 
hence a poor understanding of the outcomes of current disposal mechanisms. As 
much of the municipal waste generated in the UK, of which waste derived from 
households is the dominant proportion, is disposed of to landfills, landfill disposal of 
HHW was determined to be the key gateway to environmental pollution. As such, a 
procedure was developed to evaluate HHW disposal to landfill. 
Several research strands were determined to be key stages for improved understanding 
of HHW disposal in the UK. Two methodologies were developed to assess household 
use and disposal of products with hazardous content. A further project evaluated 
existing evidence of trace contaminants in landfill leachate for pollution potential. As 
waste management is greatly influenced by policy and legislation, the position of 
HHW in the European Union (EU) was also evaluated. The following conclusions 
can be drawn from the work described in the preceding chapters: 
■ HHW is not considered to be hazardous waste under EU law, unless it is 
separately collected. Hence, co-disposal with residual municipal waste is 
permitted and it can be expected that considerable quantities will be disposed of 
untreated to UK landfills. No definition for HHW is provided by EU legislation 
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and further verification suggested by Article 1(5) of the Hazardous Waste 
Directive has not been carried out. In the UK, the status of HHW collection and 
disposal is unclear. Further guidance is overdue although it is unlikely that new 
legislation is required as a result of new (Waste Electrical and Electronic 
Equipment Directive) and proposed (Batteries Directive and REACH Directive) 
EU laws. 
■ Amounts of HHW in the UK have been estimated to be <1 — 4% of the municipal 
solid waste stream. However, the amounts of the component parts of HHW have 
rarely been evaluated. The two data gathering methodologies described provide 
considerable information to facilitate collection and disposal programmes. About 
90,000 tonnes of waste corresponding to nine HHW categories (paint and DIY 
products, vehicle-related waste, batteries, garden and household pesticides, 
veterinary medicines, human pharmaceuticals, household cleaners, 
photochemicals and inks) could potentially be generated each year in the UK. 
■ Evaluation of the disposal pathways indicate that almost 50% of HHW, 
conforming to the nine categories above, is discarded with residual household 
waste. With over 80% of UK waste disposed of to landfill, it can be supposed that 
most co-disposed HHW will therefore be landfilled. The remaining proportion is 
predominantly disposed of at civic amenity (CA) sites where, if separately 
collected and listed on the European Waste Catalogue as such, it must be treated 
as hazardous waste. 
■ The presence of mecoprop and other HHW-associated contaminants in a range of 
reported landfill leachate analyses indicates that the co-disposal of HHW in MSW 
landfills affects the composition of the leachate. This is despite the frequent co-
disposal of industrial and liquid hazardous wastes in MSW landfills, a practice 
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that has recently been prevented through the implementation of the Landfill 
Directive. 
- 
	
	The LandSim program reveals that landfills receiving HHW may act as long-term 
repositories of aquatic pollutants, particularly metals such as arsenic and 
chromium. The effects of dispersion/dilution, biodegradation and retardation in 
strata beneath landfills mitigate contaminant concentrations. Nevertheless, the 
presence of contaminants in the leachate plume poses a small risk to groundwater. 
■ With legislation affecting the disposal of waste to landfill changing rapidly, it is 
possible that the consequences arising from HHW co-disposal to MSW landfills 
will also alter. Reduced biodegradable waste may result in a proportional increase 
in the amount of HHW relative to MSW as well as affecting leachate production. 
Further work is required to assess the environmental and health consequences of 
these changes and whether alternative disposal methods to landfill, whilst 
potentially perceived to be "greener" alternatives, actually pose a greater threat to 
the environment. 
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APPENDIX A 
Appendix A Table: Proportions of individual waste streams comprising household 
waste. 
Waste Categories: 
Percentage by weight composition of household waste' 
Defra 	Waite 	Poll 1 	Poll 2 	Poll 3 	Parfitt 
Paper & card 32 33.2 25 8 41 18 
Plastic film 5 5.3 3 
Dense plastic 6 5.9 4 
All plastics 11 3 10 
Glass 9 9.3 7 2 4 7 
Ferrous metals 6 5.7 
Non-ferrous metals 2 1.6 
All metals 5 8 5 3 
Textiles 2 2.1 2 2 1 3 
Putrescibles (garden and 
kitchen) 
21 20.2 36 19 28 38 
Micellaneous combustibles 8 8.1 8 29 7 1 
Miscellaneous non-combustibles 2 1.8 3 20 1 5 
Fines 7 6.8 3 1 1 3 
Wood 5 
Soil and other organics 3 
Nappies 2 
Scrap metaUwhite goods 5 
Hazardous <1 1 1 
Electrical <1 7 1 
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'References: Defra (Department for Environment, Food and Rural Affairs 2000); 
Waite (1995); Poll (2003) — Poll 1 refers to household collected waste, Poll 2 to waste 
brought to household waste recycling centres, and Poll 3 to co-collected waste (waste 
collected by local authorities from commercial and industrial premises); Parfitt 
(2002). 
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APPENDIX B 
Risk phrases, or R phrases, are used in the classification, packaging, labelling and 
provision of information on dangerous substances, as defined by the Dangerous 
Substances Directive 67/548/EEC. Links to hazard phrases, or H phrases, as detailed 
in the Hazardous Waste Directive 91/689/EEC are also evident (Box 2.1). H phrases 
are also included below. 
Risk phrases (R) 
• R 1 Explosive when dry 
• R 2 Risk of explosion by shock, friction, fire or other sources of ignition. 
• R 3 Extreme risk of explosion by shock, friction, fire or other sources of 
ignition. 
• R 4 Forms very sensitive explosive metallic compounds. 
• R 5 Heating may cause an explosion. 
• R 6 Explosive with or without contact with air. 
• R 7 May cause fire. 
• R 8 Contact with combustible material may cause fire. 
• R 9 Explosive when mixed with combustible material. 
• R 10 Flammable. 
• R 11 Highly flammable. 
• R 12 Extremely flammable. 
• R 14 Reacts violently with water. 
• R 15 Contact with water liberates extremely flammable gases. 
• R 16 Explosive when mixed with oxidizing substances. 
• R 17 Spontaneously flammable in air. 
• R 18 In use, may form flammable/ explosive vapour-air mixture. 
• R 19 May form explosive peroxides. 
• R 20 Harmful by inhalation. 
• R 21 Harmful in contact with skin. 
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• R 22 Harmful if swallowed. 
• R 23 Toxic by inhalation. 
• R 24 Toxic in contact with skin. 
• R 25 Toxic if swallowed. 
• R 26 Very toxic by inhalation. 
• R 27 Very toxic in contact with skin. 
• R 28 Very toxic if swallowed. 
• R 29 Contact with water liberates toxic gas. 
• R 30 Can become highly flammable in use. 
• R 31 Contact with acids liberates toxic gas. 
• R 32 Contact with acids liberates very toxic gas. 
• R 33 Danger of cumulative effects. 
• R 34 Causes burns. 
• R 35 Causes severe burns. 
• R 36 Irritating to eyes. 
• R 37 Irritating to respiratory system. 
• R 38 Irritating to skin. 
• R 39 Danger of very serious irreversible effects. 
• R 40 Limited evidence of a carcinogenic effect. 
• R 41 Risk of serious damage to eyes. 
• R 42 May cause sensitization by inhalation. 
• R 43 May cause sensitization by skin contact. 
• R 44 Risk of explosion if heated under confinement. 
• R 45 May cause cancer. 
• R 46 May cause heritable genetic damage. 
• R 48 Danger of serious damage to health by prolonged exposure. 
• R 49 May cause cancer by inhalation. 
• R 50 Very toxic to aquatic organisms. 
• R 51 Toxic to aquatic organisms. 
• R 52 Harmful to aquatic organisms. 
• R 53 May cause long-term adverse effects in the aquatic environment. 
• R 54 Toxic to flora. 
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• R 55 Toxic to fauna. 
• R 56 Toxic to soil organisms. 
• R 57 Toxic to bees. 
• R 58 May cause long-term adverse effects in the environment. 
• R 59 Dangerous for the ozone layer. 
• R 60 May impair fertility. 
• R 61 May cause harm to the unborn child. 
• R 62 Possible risk of impaired fertility. 
• R 63 Possible risk of harm to the unborn child. 
• R 64 May cause harm to breastfed babies. 
• R 65 Harmful: May cause lung damage if swallowed. 
• R 66 Repeated exposure may cause skin dryness or cracking. 
• R 67 Vapours may cause drowsiness and dizziness. 
• R 68 Possible risks of irreversible effects. 
Combinations of risk phrases (R) are also possible e.g. R 39/23 Toxic: danger of very 
serious irreversible effects through inhalation and R 40/21/22 Harmful: possible risk 
of irreversible effects in contact with skin and if swallowed. 
Hazard phrases (H) 
• H1 - "Explosive": substances and preparations which may explode under the 
effect of flame or which are more sensitive to shocks or friction than 
dinitrobenzene. 
• H2 - "Oxidizing": substances and preparations which exhibit highly exothermic 
reactions when in contact with other substances, particularly flammable 
substances. 
• H3-A - "Highly flammable": 
- liquid substances and preparations having a flash point below 21C (including 
extremely flammable liquids); or 
- substances and preparations which may become hot and finally catch fire in 
contact with air at ambient temperature without any application of energy; or 
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solid substances and preparations which may readily catch fire after brief 
contact with a source of ignition and which continue to burn or to be 
consumed after removal of the source of ignition; or 
- gaseous substances and preparations which are flammable in air at normal 
pressure; or 
- substances and preparations which, in contact with water or damp air, evolve 
highly flammable gases in dangerous quantities. 
• H3-B - "Flammable": liquid substances and preparations having a flash point 
equal to or greater than 21°C and less than or equal to 55°C. 
• H4 - "Irritant": non-corrosive substances and preparations which, through 
immediate, prolonged or repeated contact with the skin or mucous membrane, can 
cause inflammation. 
• H5 - "harmful": substances and preparations which, if they are inhaled or ingested 
or if they penetrate the skin, may involve limited health risks. 
• H6 - "Toxic": substances and preparations (including very toxic substances and 
preparations) which, if they are inhaled or ingested or if they penetrate the skin, 
may involve serious, acute or chronic health risks and even death. 
• 117 - "Carcinogenic": substances and preparations which, if they are inhaled or 
ingested or if they penetrate the skin, may induce cancer or increase its incidence. 
• H8 - "Corrosive": substances and preparations which may destroy living tissue on 
contacts. 
• H9 - "Infectious": substances containing viable micro-organisms or their toxins 
which are known or reliably believed to cause disease in man or other living 
organisms. 
• H10 - "Teratogenic": substances and preparations which, if they are inhaled or 
ingested or if they penetrate the skin, may induce non-hereditary congenital 
malformations or increase their incidence. 
• H11 - "Mutagenic": substances and preparations which, if they are inhaled or 
ingested or if they penetrate the skin, may induce hereditary genetic defects or 
increase their incidence. 
• H12 - Substances and preparations which release toxic or very toxic gases in 
contact with water, air or an acid. 
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• H13 - Substances and preparations capable by any means, after disposal, of 
yielding another substance, e.g. a leachate, which possesses any of the 
characteristics listed above. 
• H14 - "Ecotoxic": substances and preparations which present or may present 
immediate or delayed risks for one or more sectors of the environment. 
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APPENDIX C 
Images of the questionnaire used to assess the amounts of six potentially hazardous 
product groups in a random sample of UK households (Chapter 5). The quantities in 
storage or use in the domestic environment act as a reservoir from which HHW is 
generated. Storage/use estimates also link purchase/sales approximations with HHW 
production. 
The questionnaire includes two sections: 
• Main survey of six product groups with the potential to become HHW; 
■ Socio-demographic information sheet. 
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01 (TYPE 1) How would you discribe yourself? 
Strungty 
disagree 
CI 
fascia/1SO Agree 
❑  
Neither agree 
IT. disagree 
❑  
I live en environmentally Friendly 
Strongly agree 
tIe 	 ❑  
I recycle paper and other materials 
Pet: 	0 2 3 or more 
Hazardous 
Neither 
Probably 	hazardous nor 	Probably not 	Not hazardous 
hazardous not hazanloen hazardous at an 
How do you dispose of these chemicals? (TYPE 2) 
herbisides 	Insecticides 	gen biocides 	pet detterents 
1. 	Chemicals for the garden or the house 
01 Do you have a garden or a courtyard? Yes 	 
No  
02 Do you do your own gardening? Yes 	 
No  
Q3 Could you give me a rough estimate of 
the quantity of the chemicals that you 
Herbicides 
keep in store? Insecticides 
General biockles 
Pet Detterents 
Petcare products 
When do you usually dispose of these chemicals? 	(TYPE 3) 
herbicides 	insect/skies 	gen biocides 	pet dellerents 
CI ❑ 
❑ 0 
How hazardous do you think the following substances are when they are disposed of with general 
rubbish in the environment? Please tick in the appropriate circle. 	(TYPE 4) 
Garden chemicals 
Kitchen leftovers 
Motoring products 
Paint and related products 
Paper 
Fluorescent lamps 
Batteries 
PhotoCheMiCalS 
Pharmaceuticals 
❑  
❑  
❑  
CI 
CI 
CI 
0 
CI 
CI 
CI 
CI 
0 
Li 
CI 
0 
CI 
0 
0 
0 
LI 
CI 
0 
CI 
0 
0 
CJ 
CI 
CI 
0 
El 
0 
LI 
CI 
CI 
CI 
0 
0 
CI 
0 
06 
03 
04 
05 
Household Waste Questionnaire 	Code 	 
Good morning/ afternoon! Our names are.. and we are student from Imperial College, London University. 
We are conducting a short research survey into household waste. I would like to ask you some questions 
that will take 10-20 minutes maximum. I can assure you that we are not trying to sell you anything, it is 
purely your opinions that are important to us. Also, the information collected will be handled with the 
strictest confidentiality and will not be used for any other purpose but this survey. 
I would recycle paper and 
materials but there are no factlitiOS 
new my house 
I am aware of today's 
environmental problems 
How many of the following are there In your household? 
Car 	0 	1 	 2 	3 or mom 
When treatment is finished 
When expired 
Only when empty 
In major clear-outs 
Other 
packets: 
packets: 
packets: 
packers: 
packers:. 
PeMve 
CI 0 0 
0 0 0 
Li 	CI 	0 
CI CI 0 
0 	CI 	CI 
Give them away to somebody else 
Throw them away in the dustbin 
Put doom the sink or drain 
Take to local authority waste silo 
Return to the retailer 
Other (eg dispose of on garden) 
Please express the strength of your belief by ticking in the appropriate circle. 
The above chemicals can be 	 Neither agree 
harmful to your health if not used Strongly agree 	Agree 	or disagree 	Disagree prop./ 	D 0 0 CI 
	
0 	CI 
The above chemicals can be a 
problem when they are disposed 
of 
The above chemicals can be 
harmful to the environment' 
(TYPE 1) 
Stoergiy 
uasagroo 
0 
02 
2. 	Motoring products 3. 	Paint and related products 
bottles: 
bottles: 
bottles: 
bottles: 
bottles: 
bottles: 
Motor oil 
Oil filters 
Brake fluid 
Engine additives 
Antifreeze 
Other (eg. car paints) 
❑ 
Motor oil 	Oil filter 
LI 
After first use 
When expired 
Only when empty 
In major clear-out 
Other 
Take to local authority waste site ❑  
Return to the retailer 	
❑  
Other 
❑  
Q1 lams: 
litres: 
lihnsr 
litres: _ 
litres: 
litres: 
No. of items.  
bottles: 
Could you give me a rough estimate of 
the quantity of the paint and related 
products that you keep in store ? 
Water-based paint 
Solvent based paint 
Wafer-based wood-preservatives 
Selvent based wood-preservatives 
Tar oils (eg. creosote) 
Related (paint strippers. Ptionersderish cleaners) 
Inks (eg computer cartridges) 
Resins, Adhesives 
02 (TYPE 3) When do you usually dispose of paint and related products? 
Water-
wood-
ems 
❑  
LI 
LI 
ELI 
Water 
paint 
❑  
Li 
Li 
Solvent 
paint 
Right after first use 
When expired 
Only when finished 
In major clear-outs 
Other 
	
Solvent 	 Relate- 	 Resins. 
wood- d prod- 540001- 
pros 	Ter oils 	outs 	Inks 	yes 
LI LI 0 LI LI 
LI 0 0 Li LI 
O 0 0 LI 0 
1:1 ILI 0 ❑LI LI 
O LI LI LI LI 
Stnengly 
07Sagta. Agree Disagree 
❑  
Patellar agree 
nor disagree Strongly agree 
LI 
'Paint arid related products can 
be harmful to your health if not 
used properly 
'Paint and related products ran 
be harmful to the environment' 
'Paint and related products can 
be a problem when they are 
disposed of 
Q1 	Are you a Do-It-yourself motorist? 
Q2 	Could you give me a rough estimate of the 
quantity of the motoring products that you keep 
in store? 
03 	Do you keep a spare car battery at home? 
When do you usually dispose of these materials? 
How do you dispose of motoring products? 
Motor at 	OR alto, Give them away to somebody 
else 
Throw them away in the dustbin 
Put down the sink or drain 
Please express the strength of your belief by ticking in the appropriate circle. 
Naltheragree 
Agree 	nor disagree 
1:1 	
Disa3oe 
LI 	LI 	0 	D 
LI 	A 	LI 	LI 	LI 
'Motoring products can be harrnfulS 	agree 
to your health If not used property 	
❑  
'Motoring products can be harmful 
to the environment' 
(TYPE 1) 
Strongly 
disagree 
0 
'Melon.] products can be a 
problem when they are disposed 
of 
Qa 
05 
Q6 
Yes 
No 	  
Yes 
No 	  
(TYPE 3) 
Brake 	Enonee 
Mad add 
❑ 0 
LI ❑  
LI LI 
LI ❑  
(TYPE 2) 
Engines 
add 
❑  
LI 
'Li— battery 
O 0 
0 LI 
D LI 
LI LI 
LI 0 
Car 
battery 
❑  
of
:a
ci
co
a  
Other 
LI 
❑  
❑  
Omer 
❑  
❑  
LI 
How do you dispose of paint and related products? 	(TYPE 2) 
Water 	Solvent 	 Relate- 	 Resins. 
Weep 	 wood- d prod- Adhere 
Give them away to somebody 	paint paint 	pros Tar 0Js pets 	nks 
LI 0 0 1'9 0 D ❑ LI 
Throw them away in the dustbin Li 	LI 	LI 	LI 	LI 	D 	❑ 	CI 
Put down the sink or drain 	LI 	LI 	LI 	L- I 	LI 	D 	❑ 0 
Take to local authority waste site Li 	0 	CA 	L- I 	LI 	LI 	❑ 	0 
Return to the retailer 	0 	LI 	LI 	11 	0 	LI 	❑ 	0 
Other leg community repaint 
scheme) 	 0 LI 0 L- I LI 0 ❑ D 
Please express the strenth of your belief by ticking in the appropriate circle. 	(TYPE 1) 
else 
03 
04 
Rechargeable - Nickobicadmifurn (mobiles, laptop, power tools, etc) 
0-2 	 3.6 	 7-12 	 13 or more 
Buttons (For hearing aids/photographicAvatches/calculators, etc) 
0-2 	 3.6 	 7-12 	 13 or more 
When do you usually dispose of them? 	(TYPE 3) 
General Use 
When they don't function any more 
In major dear-outs 
Other 
How do you dispose of batteries? 	(TYPE 2)  
Rechargeable 
0 
Glue them away to somebody else 
Throw thorn away (in the dustbin) 
Take to local authority waste site 
Return to retailer 
Other 
General Use Rechargeable 
❑  
Please express the strength of your belief by ticking the appropriate circle. 
	
Strongly 	 Neither agree 
'Batteries can be harmful to your health if Agrece Agree 	nor disagree 
not used properly' 
'Batteries can be harmful to the 
environment' 
'Batteries can be a problem when they 
are disposed or 
❑  
❑ ❑ ❑ 
❑ D ❑  
4. 	Fluorescent lamps 
These are the lamps that last longer and consume less energy (eg. skip lighting, energy-saving bulbs) as 
opposed to the common bulbs (incandescence lamps) 
How many fluorescent lamps are there 	 Compact type: 
approximately In your house (In use or storage)? 	
Tubes: 
5. Batteries 
How many batteries are there approximately in your house? (either that you currently use or keep 
in store) 
General Use - Alkaline manganese/zinc carbon/chloride (AA, C, 0, Duracell, etc) 
0-2 	 3-6 	 7-12 	 13 or more 
01 
02 
04 
How do you dispose of fluoprescent lamps? 	(TYPE 2) 
Compact type 
Give them away 
Throw them away in the dustbin 
Take to local authority waste site 	
❑  
Return to the retailer 
Other 
Sbongly 
'Fluorescent lamps can be harmful to 	ogre. 
your health if not used property' 
'Fluorescent lamps can be harmful to the 
environment' 
'Fluorescent lamps can be a problem 
when they are disposed or  
Tubes 
❑  
Tubes 
03  
❑  
❑  
U 
❑  
❑  
❑  
❑  
❑  
❑  
04 
Metals 
Buttons 
❑ 
 
(TYPE 1) 
Strongly 
Disagree 	disagree 
When do you usually dispose of these lamps? 	(TYPE 3) 
Compact type 
When they go wrong 
In major clear-out 
	 0 
Other 
Please express the strength of your belief by ticking the appropriate circle. 	(TYPE 1) 
Neither agree 	 Storegly 
Agree 	nor disagree 	Disagree 	snag,. 
Q1 
02 
03 
6. Photochemicals 
01 
	
Are you developing your own photographs 	Yes 	  
yourself? 	 No  
02 	Could you give me a rough estimate of the 
quantity of photochemicals that you keep in 
store ? 
When do you usually dispose of the photochemicals? 	(TYPE 3) 
Moments 	 Trenpere- 
Alter first use 	 0 	p 	LILIDLID 
Stop bath 	developer 	proses. 	Stabiliser 	proses 	agent 	Hoer 
orne Colour nCY Wetting 
When expired 10 	0 	LI 	IA 	0 	0 	CI 
Only when empty 	 0 U 	0 	DOOD 
In major dear-outs U 	0 	0 0 	0 	0 	la 
Other 	 Ll 	LI 	0 
(TYPE 2) 
Stabiliser 
Li 
Ll 
0 
0 
LI 
How do you dispose of photochemical products? 
Monocle,  
are 	Colour p- 
Stop bath 	developer 	rocesseg Give them away to 
Boinebody else 	 LI 	LI 	DI 
Throw them away in the 
dustbin 	 Li 	Li 	0 
Put down the sink or draM 	0 a 	Ll 
Take to local authority waste LI 	LI 	LI site 
Return to retailer 	 LI 	LI 	0 
Other 	 00 0 
Please express the strength of your belief by ticking the appropriate circle. 	(TYPE 1) 
01 
02 
03 
7. Pharmaceuticals 
What type of pharmaceutical products - If any - do you have in your household? 
Prescription only medicine 	
 Ll 
Over the counter 	  
Both 	  
When do you usually dispose of pharmaceutical products? 	(TYPE 3) 
When treatment has finished 	  
When expired 	  
Only when empty 
 
❑  
Other (please specify) 
03 
04 
05 
Stop bath 
Monochrome developer 	 cons, 
Dolour processing 
Stabiliser 	 cans: 
Tranpartancy processing 
Wetting agent 	 cans: 
Fixer 	 cans: 
How do you dispose of pharmaceutical products? 	(TYPE 2) 
GAM them away to somebody else 	  
Threw there away In the dustbin  
Put down the sink or drain 	  
Take to local authority waste sire 	  
Return to chemist 	  
a 
❑  
LI LI LI 
Trenpere-
nsy pros- 
essIng 
LI 
0 
LI 
LI 
LI 
LI 
0 
Wetting 
agent 
D 
LI 
LI 
LI 
LI 
0 
LI 
Fixer 
LI 
0 
LI 
LI 
0 
LI 
Q4 
Other (please specify) 
Please express the strength of your belief by ticking the appropriate circle. 
Strongly 	 Neither [gage 
nor disagfee 'Pharmaceuticals can be harmful to your 
health if not used property' 	 0 
'Pharmaceutkals can be harmful to the 
enviremm err 	
❑ 	Li 
'Pharmaceuticals can be a problem 
when they are disposed of 	 a 	LI 
(TYPE 1) 
Disagree 
❑  
LI 
LI 
Strongly 
disagree 
LI 
Ll 
L.I 
'Photochemicals Can be 
harmful to your health if not 
used properly' 
'Photochemicals can be 
harmful to the environment' 
'Pholochornicals can be a 
problem when they aro 
disposed of 
Strongly agree 
❑  
rj- 
Neither 
 
❑
tym. 	 Strongly 
Agree 	nor disagree disagree 
LJ
0 
Personal Data 	Code: 
Are you a male or female? 
Male   1=1 
Female 	  
Q2. 	How old are you? 
18-24 	  
25-44 .  
	0 
45-60 ....... 	
 1=1 
60+ 
 
0 
 
Q3. How would you describe your family type? 
Single - own home 	  
Single -living with other members of family. 	  
Single - living with flatmates 	  
Single parent 	  
Couple without children 	  
Family with young children (less than 12 years old) 	  
Family with older children (at least on child older than 12 years) . 	 
Empty nesters (couple with children who have left home) 	  
OAP single 	  
OAP couple 	 
Other (please specify) 
Q4. How long has your family been living in your present house? 
0-2 years 	 .................. .... ❑  .......................... 
3-5 years  	0 
6-9 years  	0 
10+ 
	 0 
Q5. Would you regard yourself as a person that has completed/ is to complete: 
0-levels/ GCSE/ CSE 	0 
A-level/GNVQ 	 0 
HND/HNC  	❑  
Professional qualifications 	 ❑  
Undergraduate university studies  	 ❑  
Postgraduate university studies (MSc, MA, PhD) 	 ❑  
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Q6. What is the occupation of the main salary earner in your household? 
Professional 	  
Manager and Senior official 	 
Administrative and secretarial 
Skilled trade 	  
Unskilled trade 	  
Employed 	  
Self employed 	 ..................... ............... 	 
Retired     0 
Student 	  
Houseperson 	  
Unemployed 	 
Other (please specify) 
Q7. In which industry is the main salary earner? 
Accounting /Finance and Management . 
Building and Construction 	  
Clerks, Receptionists and Secretaries 	 
Computers and IT 	  
Drivers and Transport 	  
Education, Childcare and Library 	 0 
Electrical and Electronics trades 	 0 
Engineering, Science and the Environment 
Food, Hospitality and Tourism 	  
Gardening, Farming and Fishing 	  
Government and Defence 	  
Health, Fitness, Hair and Beauty 	 0 
Labourers, Factory and Machine Workers 	 
Marketing and Sales Representatives 	  
Media, the Arts and Printing 	  
Medical Health Services 	  
Metal and Engineering trades 	 
Motor Vehicle Service and Repair 	  
Retail 	  
Social Welfare and Security......................................... ............ 	..................... 
Q8. 	Record area and postcode 
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APPENDIX D 
The codes and categories used to numerically express the qualitative data collected 
during the interviews described in Chapter 5 are provided in the Table below. The 
categories reveal the range of responses obtained. 
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Appendix D Table: The socio-demographic categories and sub-categories, with relevant code, used in SPSS analyses (Chapter 5). 
Code 	 1 
	
2 
	
3 
	
4 
	
5 	 6 
Urban properity 	Comfortably off ACORN 
NS-SEC 
Gender 
Age /yrs 
Family type 
Residence /yrs 
Settlement 
Education 
Disposal period 
Disposal 
Perception  
Wealthy achievers 
Managerial and 
professional 
occupations 
Male 
18 - 24 
Single 
0 - 2 
City 
0-Level/GCSE 
After first use 
Give away 
Not hazardous  
Intermediate 
occupations 
Female 
25 - 44 
Couple 
3 - 5 
Large town 
A-Level/GNVQ 
Expired 
Refuse bin 
Probably not  
Small employers and 
own account workers 
45 - 60 
No children 
6 - 9 
Mid town 
Degree 
Empty 
Down the drain 
Not sure  
Moderate means 
Lower supervisory 
and technical 
occupations 
60+ 
Family 
10+ 
Small town 
Professional quals 
Clear-outs 
Civic amenity site 
Probably  
Hard pressed 
Semi-routine and 
routine occupations 
Village 
Postgraduate 
Combinations 
Return to retailer 	Combinations 
Hazardous 
APPENDIX E 
Paperwork supplied to householders participating in the direct waste analysis project 
(Chapter 6), including: 
Notice appended to bin list detailing waste types and disposal requirements; 
Participation agreement and health & safety advise to householders; 
Initial questionnaire distributed at study commencement; 
Final questionnaire delivered to participating households prior to final collection. 
The documents enclosed are identical to those distributed to participants. 
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THE FOLLOWING ITEMS SHOULD BE PLACED CAREFULLY IN THIS BIN  
THEY MUST ALWAYS BE IN CLOSED CONTAINERS AND SHOULD BE  
INDIVIDUALLY SEALED IN THE SAMPLE BAGS PROVIDED  
Do Not Throw or Drop Items into the Bin. Place them Carefully in an 
Upright Position with Large or Heavy Items at the Bottom of the Bin 
Appendix E (continued) 
Imperial College 
London 
Bin-Code No: 
• Batteries including mobile phone and other 
appliance batteries. (No car batteries). 
• Wood & metal polish, oven/ceramic cleaner, 
shoe polish. 
• Pest & weed control liquids, sprays, 
powders, pellets, fertilizers with insecticide e.g. 
weed & feed. (No compost). 
• Paints up to and including 5 litre containers 
as well as aerosols; solid & powder paints; any 
liquid DIY products including thinners, spirits, 
cleaners, surface treatments; varnish, stains, 
wood oils & preservatives; fillers & sealants; 
adhesives; inks including printer inks.  
• Motor engine oil (Not used engine oil), 
antifreeze, screen wash, brake fluid, greases & 
lubricants, degreasers, vehicle wash, waxes, 
chrome & upholstery cleaners, dash wipes, paint 
& rust treatments. (No petrol & diesel fuels, no 
vehicle parts). 
• Pharmacy, over the counter & prescription 
medicines. (No swabs, syringes, clinical waste or 
illegal drugs). 
• Petcare, flea/lice shampoo, powders, 
worming tablets (No droppings or fur) 
• Photographic developing & fixing chemicals 
(No films). 
Please do not put  any of the following in this bin: 
• Unlabelled or items that will not fit into the sample bags 
items 	• Items not listed above. 
• Empty containers • Glass containers • Leaking containers • Unknown 
SAFETY FIRST! 	FOR THE SAFETY OF RESEARCHERS PLEASE FOLLOW THE INSTRUCTIONS ABOVE 
FOR YOUR OWN SAFETY, KEEP BIN LOCKED BY CLOSING LID & PUTTING HANDLE TO THE FRONT OF BIN 
Please carefully read the Health and Safety Information in the Participation Agreement. 
Imperial College 
London 
Bin Code: 
Problem Household Waste Sampling, Participation Agreement 
I agree to participate in this sampling study sponsored by the 
Environment Agency, the objective of which is to accurately estimate the amounts 
of selected "environmentally problematic" wastes normally disposed of. 
I understand that my participation in this study is simply to put certain items normally 
disposed of, into individual sample bags and then place these into the bin provided. I also 
understand that the study will involve providing information through the listing of certain 
items disposed of on an inventory form as well as two questionnaires conducted by 
researchers from DEST (Please be assured that all data collected is for environmental 
research purposes only and remains confidential). 
You should have provided me with: 
1 problem waste bin with lockable lid and attached notice detailing acceptable items; 
2 large transparent plastic bin liners; 
14 transparent sample bags found in a plastic envelope on the underside of the bin lid; 
1 pencil; 
Participation Agreement. 
Health & Safety Information: 
Please read this carefully and ensure that you and your family are not exposed to 
unnecessary risks. 
1) Please put the bin in a safe place where it will not be tampered with. 
2) Only put items into the bin which are listed as acceptable on the lid of the bin. 
3) Acceptable items should always be in closed containers. Do not place any glass, 
leaking or unlabelled containers into the bin. 
4) Seal all acceptable items in the sample bags provided before putting them 
carefully in an upright position in the bin. There are three different size sample bags: 
small, medium and large. 
5) Place heavy objects at the bottom of the bin. 
6) Keep the bin locked to help prevent access by children or pets. Place the bin handle to 
the front of the bin to lock the lid. Tie up any bin liners containing samples before 
bringing them in for collection. 
7) If a problem waste leaks or is spilled, comes into contact with skin, eyes, or is 
swallowed, please follow the manufacturer's instructions given on the packaging. If 
necessary seek medical assistance. 
8) Use good hygiene. Always wash hands thoroughly after touching household waste 
especially before eating or drinking. 
9) Never mix problem wastes together. 
10) Please be extremely careful and use good judgment in how you transport your samples 
when bringing them into the college for collection. Make sure all containers are 
closed and samples are sealed in sample bags and in bin liners. 
11) In any real emergency, please call the emergency services. 
Imperial College London cannot be held responsible for any accidents or injury occurring as 
a result of this sampling study at any private residence or during transport to College. 
I agree to follow the instructions provided regarding items to be disposed of and sampling 
procedures specified. I have read and understood the health and safety information given 
above. 
Signature: 	 Date: 
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Appendix E (continued) 
Imperial College 
London 
Bin-Code No: 
IMPERIAL COLLEGE LONDON 
PROBLEM WASTE SURVEY 
HOW TO FILL IN THIS QUESTIONNAIRE 
THANK YOU FOR FILLING IN THIS QUESTIONNAIRE. 
THE INFORMATION YOU PROVIDE IS VERY IMPORTANT TO US. 
THERE ARE NO RIGHT OR WRONG ANSWERS. 
PLEASE BE HONEST WITH YOUR RESPONSES. 
PLEASE READ EACH QUESTION CAREFULLY. MOST 
QUESTIONS CAN BE ANSWERED BY PUTTING A TICK ✓  IN A 
BOX. 
SOME QUESTIONS REQUIRE A WRITTEN ANSWER. 
THIS QUESTIONNAIRE IS CONFIDENTIAL. THE INFORMATION 
COLLECTED WILL ONLY BE USED FOR THE PURPOSES OF THIS 
ENVIRONMENTAL STUDY. 
PLEASE USE THE STAMPED ADDRESSED ENVELOPE 
PROVIDED TO POST YOUR COMPLETED QUESTIONNAIRE 
BACK TO IMPERIAL COLLEGE LONDON WITHIN 1 WEEK. 
(Please don't forget) 
THANK YOU FOR YOUR HELP! 
IMPERIALHHW 
ENVIRONMENT 
AGENCY 
Imperial College 
London 
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1. 	What door-step waste collection services does your local authority provide? 
This is the waste you put outside your house for collection. [Please tick any relevant boxes.] 
Black bag only 	 Wheelie bin only 	 ❑  
Black bag plus recycling 	 ❑ 
	
Wheelie bin plus recycling 	 ❑  
glass / plastic/ paper / metal [circle please] glass / plastic / paper /metal [circle please] 
Black bag plus garden waste collection ❑ 	Wheelie bin plus garden waste collection ❑  
Black bag plus recycling and garden waste❑  
glass / plastic/ paper / metal [circle please] 
Free collection on request of bulky and other items 
Charged collection for bulky or difficult items 
Other, please specify 
Wheelie bin plus recycling and garden waste I=1 
glass / plastic / paper /metal [circle please] 
o 
E 
E 
1A 	If you use black bags, how many do you leave out for collection each week on average? [Please 
tick one box. If use a wheelie bin without bags, go to question 1B] 
Half 
sack 
1 
sack 
2 
sacks 
3 to 5 sacks More than 
5 sacks 
please specify amount 	 
1B 	If you use a wheelie bin without bags, how many bins do you have and on average how full are 
they on collection day? 
[Please tick the relevant box in each section. Leave blank if you do not use a wheelie bin or similar.] 
Less than full 
	
Just full 
	
Over full 1 bin 
	2 bins 	3 plus 
2. 	On average, how many times do you visit your local household waste centre (the council tip) each 
year? 
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3. 	Below is a list of products that you might use in your household. 
If you use these products when do you usually throw them away? 
[Only answer for the products you use in your household. 
You may tick more than one box to show how you throw away these products] 
Empty/broken Expired 
out-of-date 
Clear-outs Moving house 	Other 
(please specify) 
Paint ❑  ❑  ❑  ❑  
Other DIY products 
(e.g. white spirit) ❑  ❑  ❑  ❑  
Vehicle maintenance 
products (e.g. oil, antifreeze) ❑  ❑  ❑  ❑  
Car batteries ❑  ❑  ❑  ❑  
Other batteries ❑  ❑  ❑  ❑  
Photographic chemicals 
(e.g. developer, fixer) ❑  ❑  ❑  ❑  
Gardening products 
(e.g. weedkiller) ❑  ❑  ❑  ❑  
Petcare products 
(e.g. flea treatment) ❑  ❑  ❑  ❑  
Household cleaning 
products (e.g. oven cleaner) ❑  ❑  ❑  ❑  
Medicines ❑  ❑  ❑  ❑  
Fluorescent light strips 
and energy-saving light bulbs 
❑  ❑  ❑  ❑ 	 
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4. 	How do you generally throw these products away? 
[Please tick the relevant box or boxes. Only answer for the products you usually use and throw away.] 
General 
rubbish bin 
Paint 	❑  
Other DIY 
products ❑  
Vehicle 
maintenance 
Household waste 
centre (the tip) 
❑  
❑  
Empty to 
drain 
❑  
❑  
Give 
away 
❑  
❑  
Local authority 
collection 
❑  
❑  
Return to 	Other - 
shop 	(specify 
❑  
❑  
products ❑ ❑  ❑  ❑  ❑  ❑ 	 
Car 
batteries ❑ ❑  ❑  ❑  ❑  ❑ 	 
Other 
batteries ❑ ❑  ❑  ❑  ❑  ❑ 	 
Photographic 
chemicals ❑ 
❑  ❑  ❑  ❑  ❑ 	 
Gardening 
products ❑ ❑  ❑  ❑  ❑  ❑ 	 
Petcare 
products ❑ ❑  ❑  ❑  ❑  ❑ 	 
Household 
cleaning 
products ❑ ❑  ❑  ❑  ❑  ❑ 	 
Medicines❑ 
❑  ❑  ❑  ❑  ❑ 	 
Fluorescent & 
energy-saving 
light bulbs0 
5. 	How important is waste management as an environmental issue? 
[Please circle the response that is closest to your opinion.] 
Very Important Neither important Not very Not important 
important but not crucial nor unimportant important at all 
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Some Individual Information (All information given is confidential and will only be used for the purposes 
of this environmental study) 
A. How would you describe your type of home? 
Detached house 	❑ 	 Flat in purpose-built apartment block 
Semi-detached house ❑ Flat in high-rise apartment block 
Terrace or end-of-terrace ❑ 	 Flat in converted house 
Cottage 	 ❑ 	 Caravan or temporary structure 
Detached bungalow 	❑ 	 Bedsit 
Semi-detached bungalow ❑ 	 Commercial building (hotel, shop etc.) 
Other — please state 	  
B. Do you own or rent your home? 
Owner-occupier (with or without mortgage) ❑ 	Rent from a housing association 0 
Rent from the council 	 ❑ 	Rent from a private landlord 
	o 
Other — please state 	
 o 
C. Do you, or anybody in your household, own or have a: 
Car ❑ 	 Motorcycle/Scooter ❑ 	 Garden ❑  
Pet 
	o Enthusiasm (or need) for DIY! 	El 
D. How long have you and the other people in your household lived here? [If members of the 
household have lived here for different lengths of time, please state the longest time.] 
E. How many people live in your household? 
F. What is your postcode? 	  
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G. 	What are the ages of the people who live in your household? 
[Please write the number of people in the boxes next to the age ranges] 
Male 	 Female 
0-5 yrs 
6-12 yrs 
13-19 yrs 
20-25 yrs 
26-35 yrs 
36-45 yrs 
46-55yrs 
56-65 yrs 
66-75 yrs 
76+ 
H. 	The following questions refer to the occupation of the main salary earner in the house, or if 
retired their last main job. 
If the main salary earner has now retired please tick this box before continuing. 
Students, or long-term unemployed should go to question 4 on the next page and tick Other 
If you live in a shared house and there is no main salary earner, please answer about yourself. 
Please tick one box only per question. 
1) Do you work as an employee or are you self-employed? 
Employee 
Self-employed with employees 
	 a 
Self-employed/freelance without employees (now go to question 4) 
2) How many people work for your company or, if self-employed how many people work for you? (If 
self employed skip the next question and go to question 4) 
1 to 24 
25 or more 
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3) Do you supervise any other employees on a day-to-day basis? 
Yes 
No 
4) 	Please tick one box that best describes the work of the main salary earner (even if retired). 
Modern professional occupations 
such as: teacher - nurse - physiotherapist - social worker - welfare officer artist - musician - police 
officer (sergeant or above) - software designer 
Clerical and intermediate occupations 
such as: secretary - personal assistant - clerical worker - office clerk - call centre agent - nursing 
auxiliary - nursery nurse 
Senior managers or administrators 
(responsible for planning, organising and co-ordinating work and for finance) 
such as: finance manager - chief executive 
Technical and craft occupations 
such as: motor mechanic - fitter - inspector - plumber - printer - tool maker - electrician - gardener - 
train driver 
Semi-routine manual and service occupations 
such as: postal worker - machine operative - security guard - caretaker - farm worker - catering 
assistant - receptionist - sales assistant 
Routine manual and service occupations 
such as: HGV driver - van driver - cleaner - porter - packer - sewing machinist - messenger - labourer - 
waiter / waitress - bar staff 
Middle or junior managers 
such as: office manager - retail manager - bank manager - restaurant manager - warehouse manager - 
publican 
Traditional professional occupations 
such as: accountant - solicitor - medical practitioner - scientist - civil / mechanical engineer 
Other 
such as: full-time students — long-term unemployed — never worked 
Please specify below if your occupation group is not listed above 
Thank you for completing this questionnaire and for participating in this 
project — your help is greatly appreciated. 
IMPERIALHHW 
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Appendix E (continued) 
Bin Code 
 
IMPERIAL COLLEGE LONDON 
PROBLEM HOUSEHOLD WASTE 
STUDY 
This is the final questionnaire for this study, together with an 
entry form for the free prize draw. Please complete the 
questionnaire and write your name and address on the form (if 
you wish to be entered into the prize draw), and return it in the 
stamped addressed envelope provided. 
(Winners of the prize draw will be notified before 30th April. Please see local press for results.) 
If you are interested in the final project report, it will be available from the Environment Agency and 
Imperial College websites from Autumn 2005. Alternatively, an executive summary can be posted to you 
(please indicate if this option is preferred). 
THANK YOU FOR YOUR HELP IN THIS STUDY — YOUR 
CONTINUED SUPPORT HAS BEEN VERY IMPORTANT 
IMPERIALHHW 
3 
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PLEASE ANSWER AS ACCURATELY AS POSSIBLE — 
(ALL INDIVIDUAL RESULTS ARE TREATED CONFIDENTIALLY) 
1. 	On average, how many black sacks (or equivalent if you do not use black bin bags), or wheelie bin 
loads, of general rubbish does your household produce each week? 
Please state    sacks / wheelie bins [circle as appropriate] 
2. Have you disposed of any of the following items over the course of the bin study? 
Please state the number of items, where applicable. 
Fridge 	 ❑  
Freezer 
Fridge/freezer combination 
Cooker 
Microwave 
Washing machine 
Tumble dryer 
Dishwasher 
Small kitchen items 
e.g. kettle, toaster, food processor etc. 
0 
Computer (with screen) 
Television 
Music equipment 
Vacuum cleaner 
Others [please state] 
0 
❑ standard/plasma 
❑ [please state] 
3. During the course of the bin study, did you have a 'clear-out' of your problem wastes from 
a cupboard, shed or garage ? 
If so, approximately when? 	  
4. Over the course of the study did you dispose of any of the items listed on the lid of the 
problem waste bin other than in the bin provided? If so, what was it and how did you dispose of it? 
(Please be honest with your answers — it is often difficult to remember to use different bins.) 
Some problem waste items were not thrown away in the problem waste bin 	 ❑  
Only the problem waste bin was used 	for problem waste items 
If you can remember, please list any problem waste items not thrown away in the correct bin. 
ITEM 	 METHOD OF DISPOSAL 
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5. Has participating in this study affected how you will dispose of your 'problem' wastes in the future? 
(Please tick as many statements as you wish) 
It hasn't — I'll still dispose of these wastes in the same way because: 
I don't see a need to change 
I am happy with my current disposal practices 
There are no other alternatives available 
I still don't know how to dispose of them! 
Other 	  
It has changed the way I will dispose of these wastes because: 
I didn't realise they were problem wastes before 
I'm now more aware of alternative disposal alternatives 
I'm now more concerned about their environmental effects 
I would like to recycle more of my waste 
Other 	  
6. How would you dispose of the following waste products if they were NOT empty? 
(Please tick the relevant boxes. 
If you would use more than one method you may tick more than one box per product) 
General refuse 
bin 
Household waste 
centre (the 'tip') 
Empty to drain, 
container in bin 
Give 
away 
Local authority 
collection 
Return to 	Other 
retailer 	specify... 
Paint 	0 0 0 0 0 0 	 
Other DIY 
products 	0 III 0 0 0 0 	 
Vehicle 
maintenance El .__, 0 0 0 0 0 	 
Batteries 	0 0 0 0 0 0 	 
Car batteries D 0 0 0 0 0 	 
Photographic 0 0 El IEI 111 111 	 
Garden 
preparations 	ID 111 111 0 0 El 	 
Petcare 	0 0 0 0 0 0 	 
Household 
cleaning 
products 	0 0 0 0 0 0 	 
Medicines 	111 0 0 0 0 0 	 
Fluorescent 
lamps 	El 0 0 0 0 0 	 
Electrical 
items 	0 0 0 0 0 0 	 
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Do you have any other comments about problem waste or feedback regarding this study? 
Thank you for completing this questionnaire and for participating 
in this project — your help has been greatly appreciated. 
IMPERIALHHW 
Imperial College/Environment Agency 
Problem Waste Project Prize Draw 
We have organised a prize draw for all participants in the Imperial HHW Project. Two cash prizes of 
£100 and £50 are on offer. If you would like to be entered, please insert your details below. The 
information you provide will only be used to contact you in the event of your entry being pulled from 
the hat. 
Title (please circle) Mr / Mrs / Miss / Ms / Dr / Other 	  
Name: 
Address: 
Postcode: 
If you win, we would like permission to release your name to the local press covering your area. 
Your address will NOT be communicated at any time. 
If you would prefer your name NOT to be released, please indicate by ticking this box ❑  
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APPENDIX F 
Formulae applicable to LandSim: 
Appendix F Table: Formulae used to calculate waste and soil porosity, field capacity 
and hydraulic conductivity (Fetter, 2001) 
Formula 	 Explanation 
n = V, / VT 	(Formula 1) 	 n = total porosity (as a fraction) 
V, = + Vmw 	 V, = volume of voids 
VT  = V, + Vs 	 VT = total volume of rocks 
= volume of 'immobile' pores 
Vmw = volume of 'mobile' pores 
V, = volume of solid rock 
0, = 	/ VT 	(Formula 2) 	 Or = field capacity 
Pe = n - 0, 	 (Formula 3) 	 Pe = effective (drainage) porosity 
K = (k . y) / µ 	(Formula 4) 	 K = hydraulic conductivity 
k = intrinsic permeability 
y = specific gravity of fluid 
= dynamic viscosity of fluid 
C(t) = C(0) * exp(-x * t) (Formula 5) 	 C(t) = concentration at time t 
C(0) = initial concentration 
x = decay rate 
C(t) = C(0) exp(-K * LS) 	(Formula 6) 	C(t) = concentration of the species in leachate at 
any time t (mg/1); 
C(0) = initial concentration of the species in 
leachate (mg/1), usually determined when LS=0.05 
1/kg. The current leachate quality can be used to 
define the initial concentration for most landfills in 
the UK; 
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(Formula 6 — continued) K (kappa) = species and waste-specific constant 
(kg/1); 
LS = liquid solid ratio at time t (1/kg). It is usually 
the sum of the infiltration to the waste to time t 
divided by the mass of waste. Strictly, it is the 
aqueous losses from the waste to time t divided by 
the mass of waste. 
T112 = 0.693 / k 	(Formula 7) 	 11/2 = half life 
k = biodegradation rate constant 
k = (2.303 / t) log (a / 	(Formula 8) 	 = rate constant, 1/time 
t = time 
a = initial concentration 
(a — x) = concentration at time t 
Kd  = Koc . Le 	(Formula 9) 	 Kd = soil partition coefficient 
Koc = organic carbon partition coefficient 
Lc = organic carbon fraction in the soil (usually, 
0.01< foe <0.1) 
Q = K.A. (11L/1) 	(Formula 10) 	 Q = flow rate 
K = hydraulic conductivity 
A = cross-sectional area 
hL/l = hydraulic gradient (head loss / distance 
between head loss) 
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APPENDIX G 
A single LandSim simulation generates a variety of data to predict leachate plume 
behaviour. Six LandSim graphs are shown here, further to Chapter 7, revealing the 
simulated concentrations of three inorganic contaminants (arsenic, chromium and 
cyanides) and two organic compounds (1,1,1-trichloroethane and mecoprop) over 
time at different points along the leachate plume migration. The graphs are examples 
taken from the 57 substances modelled and demonstrate the variety of graphical 
information generated by the program. 
Ftsutts: Ruse 1, Nbcoprop Concentration at base of Clay Liner [mg/1] 
Tirre Hstory 
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Figure G1: The concentration of mecoprop at the base of the clay liner (and hence 
start of the unsatuarted zone) over time. Peak concentration of >0.07 mg/1 achieved 
after approx. 30 years (95th percentile). 
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Results: 1,1,1-Trichlorcethane Concentration at Corrpliance Fbint [rrig/I] 
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Figure G2: The concentration of 1,1,1-trichloroethane at the groundwater compliance 
point over time. Peak concentration is achieved within 50 years of landfilling. 
Results: Arsenic Concentration at Corrpliance Fbint [rrg/I] 
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Figure G3: Concentration of arsenic over time at the compliance point in the aquifer 
downstream of the landfill. Arsenic is still evident 20,000 years after landfilling, 
albeit at low levels. 
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Figure G4: Concentration of total cyanide complexes at the compliance point 
downstream of the landfill, over time. Levels decline to approx. zero after 4,000 
years. 
Fasutts: ChrorriumConcentraticn at Cbmpliaax Fbint 
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Figure G5: Concentration of chromium over the 20,000 year modelling period at the 
groundwater compliance point. Peak concentration of 1.53E-3 mg/1 at —1,500 years. 
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APPENDIX H 
Local Authority and Waste Disposal Authority questionnaire designed to assess 
facilities available at CA sites for the collection of 111-1W, levels of use, final disposal 
methods employed and the costs involved in collecting and disposing of separately 
collected waste. The information sought is essential to further understanding HHW 
disposal in the UK. However, a poor response rate (<1%) from the 400 plus 
authorities prevented analysis. The template is provided here for future use. 
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ENVIRONMENT 
AGENCY 
Imperial College 
London 
IMPERIAL COLLEGE LONDON 
HOUSEHOLD HAZARDOUS WASTE SURVEY 
Imperial College London, in conjunction with the Environment 
Agency, is compiling a report concerning household 
hazardous waste (HHW) disposal in the UK. 
We need your help! By filling in this simple questionnaire, 
you will be providing crucial information on current waste 
generation and disposal practices in your area which will 
contribute to an overall assessment of the scale of the 
environmental problem posed by HHW in the UK. 
Most questions require values to be inserted in the 
appropriate box. If such data is unobtainable, a qualitative 
response can be made by placing a TICK in the appropriate 
box. Please make additional comments if required. 
1. Background information 
Please complete this information about your organization. This 
questionnaire is confidential. The information collected will only be 
used for the purposes of this study. 
Name of organization 
Address 
Contact name 
Role in organization 
Telephone number 
Email address 
1. How many household waste recycling sites (HWRCs) (also called 
civic amenity sites) do you run/are you responsible for? 
2a. What HHW materials, and other problem wastes, do you provide 
collection facilities for at HWRCs? Do you (as waste disposal 
authority), the waste collection authority, waste contractor, or a 
third party, operate other HHW collection facilities? What types of 
material are collected in this way? 
At HWRCs, collection can be in the form of HHW safes, oil banks, 
battery bins, Community Re>Paint stores, other vessels for separate 
collection. Please provide as much information as you have available. 
Where possible, please indicate the amounts of each material collected 
using your most recent estimates. If specific quantities are unavailable, 
simply indicate which waste streams are separately collected. Specify 
unit of measurement (kg/litres/number of items) as appropriate. 
If possible, please state other methods of collection. A 'toxic taxi' (an on-
request household doorstep collection of HHW) section has been 
included but other HHW services (kerbside, special or bulky waste 
collection, amnesty days etc.) can be included in the 'other' categories -
please delete as appropriate. 
No provision for the collection and disposal of HHW 
Waste categories 
Used engine oil 
Oil filters 
Other vehicle maintenance 
Car batteries 
Household batteries 
Paint and DIY products 
Garden chemicals 
Fluorescent tubes 
Photographic chemicals 
Detergents 
Household cleaners 
Unspecified acids 
Unspecified alkalis 
HWRCs 	Toxic taxi 	Other: 	Other: 
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Unspecified solvents 
Human medicines 
Veterinary medicines 
Smoke alarms 
CFC-products (fridges etc.) 
WEEE (other than CFC) 
Other (state) 
Total (all material collected) 
Data for year ending: 
2b. If possible, please provide the name/s of your waste disposal 
contractors (responsible for HWRC management, disposal through 
incineration, treatment prior to landfilling etc.), their role and 
relevant contact details: 
2c. If no or limited HHW collections are operated in your area, are there 
intentions to instigate collection programme/s? 
Please tick relevant sections. 
Yes 
No 
❑ What? 
❑ Why not? 
Don't know 
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3. Please indicate for each HHW type listed the percentage sent 
through each waste management route. 
Please use the most recent data available. If data is not available, 
please tick most likely disposal route(s). Please also provide as much 
information as possible concerning the final disposal method. Indicate 
unit of measurement. 
Re-use 	Recycle 	Landfill 	Incinerate Other* 
Used oil 
Oil filters 
Other vehicle 
Car batteries 
H'hold batteries 
Paint 
Garden chemicals 
Fluorescent tube 
Photochemicals 
Detergents 
H'hold cleaners 
Acids 
Alkalis 
Solvents 
Medicines 
Veterinary 
Smoke alarms 
Fridges etc. 
Other electrical 
Other (state) 
Total 
*Including treatment before landfill disposal 
Comments on disposal: 
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4. 	Disposal costs incurred: please provide an indication of the budget 
allotted for the disposal of HHW or, more preferably, the individual 
costs for the disposal of each HHW category. 
Any information you can provide will be treated in confidence. It is very 
important that data is obtained relating to the cost of disposing of 
hazardous waste derived from households to enable a greater 
understanding of budgetry requirements placed on local authorities for 
the disposal of such waste. 
£ cost/yr 	Re-use 	Recycle 	Landfill 	Incinerate Other* 
Used oil 
Oil filters 
Other vehicle 
Car batteries 
H'hold batteries 
Paint 
Garden chemicals 
Fluorescent tube 
Photochemicals 
Detergents 
H'hold cleaners 
Acids 
Alkalis 
Solvents 
Medicines 
Veterinary 
Smoke alarms 
Fridges etc. 
Other electrical 
Other (state) 
Total 
*Including treatment before landfill disposal 
Comments on costs: 
THANK YOU FOR YOUR HELP — ALL ASSISTANCE IS VERY GREATLY 
APPRECIATED 
413 
